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Metallothionein (MT) is a family of low molecular weight，cysteine rich metal-
binding proteins. Being inducible by metal ions at the level of transcription, MT gene 
promoter region, together with the transcription factors binding to them, is a model of 
transcriptional regulation of gene expression. 
The 5, flanking region ofthe common carp MT (ccMT) gene was obtained using 
polymerase chain reaction ^»CR). Five putative metal responsive elements O^REs), an 
API binding site and two Spl binding sites were identified in a region of 650bp in length 
containing a TATA box. Similar to other MT genes, the promoter region ofcommon carp 
MT gene has a bipartite structure ofMRE. The ccMT gene with the promoter region and 
the protein coding region were also amplified from carp genome. 
The 5，flanking region was cloned into the vector pEGFP-1 which carries the 
coding region ofenhanced green fluorescent protein. Deletion mutants from the 5’ end of 
MT gene promoter were made for functional analysis after transfected into primary 
cultures ofcommon carp hepatocytes. The promoter region of the common carp MT gene 
obtained was a functional promoter, not orientation specific. The effects of different 
concentrations of zinc，cadmium, copper, mercury, lead, cobalt, nickel’ 
lipopolysaccharide 0-PS) and hydrogen peroxide ¢^02) were tested, in which zinc was 
found to be the most potent inducer. All 5 MREs were found to be required to exert 
maximal metal inducibility and decreasing the number of MRE reduced the metal 
induction. However, the two distal MREs seemed not respond to copper and mercury. 
Also, even the promoter region did not have the anti-oxidant responsive element (ARE), 
the API binding site was able to respond to H2O2 and LPS stimulations. 
From the result ofmobility shift assay, all oligonucleotides had the ability to bind 
to the nuclear extract, and their non-radioactive partners compete with them. These 
indicated the bindings ofthe oligonucleotides to nuclear proteins were specific. Thus, all 
five MREs had the ability to bind proteins. Using oligonucleotide containing MREc to 
screen the expression library of common carp liver, five positive clones were identified 
and their sequences are subject to further characterization. One of the clones, clone # 12, 
could bind MREb and MREc but not MREa and MREd. 
Preliminary results from this study suggests that the repressor model is more 
reasonable in explaining how Zinc induces MT gene transcription. With cis-acting 
elements close to the MREs, the protein binding to those cis-acting elements might 
compete with the metal responsive transcription factor (MRTF). However, upon zinc 
induction, the binding of MRTF on the MREs override the binding of other non-metal 
responsive factors on these cis-acting elements. In addition, since protein binding on 
MREc bound only on MREb but not MREa or MREde, different proteins might be 
responsible for the binding of different MREs. This further explains the phenomena 
observed in other species, with multiple MRTFs. 
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AdMLP Adenovirus Major Late Promoter 
Ag Silver 
API Activator Protein 1 
AP2 Activator Protein 2 
ARE Antioxidant Responsive Element 
Au Gold 
BLE Basal Level Element 
bp Basepair 
cAMP Cyclic Adenosine Monophosphate 
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DEPC Diethyl Pyrocarbonate 
DNA Deoxyribonuclease 
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MREBP MRE-binding protein 
mBJ^A Messenger 
MRTF Metal Responsive Transcription Factor 
MT Metallothionein 
^ F - 1 MRE-binding transcription factor 1 
X 
NF-lL Literleukin 6 
Ni Nickel 
ONPG o-nitrophenyl-p-D-galactopyranoside 
PCR Polymerase Chain Reaction 
PCs Phytochelatins 
pEGFP-1 Plasmid ofEnhanced Green Fluorescence Protein 
PMSF Phenylmethylsulfonyl Fluoride 
POL RNA polymerase 
RNA Ribonucleaic Acid 
RT Room Temperature 
RTH-149 Rainbow Trout Hepatoma 
SDS Sodium Dodecyl Sulfate 
SOD Superoxide Dismutase 
Spl Specific Protein 1 
TAFs TATA Box Binding Proteins Associated Factors 
TATA TATABox 
TNF Tumor Necrosis Factor 
USA Co-activator having Upstream Stimulating Activity 
XGAL 5-Bromo-4chloro-3-indolyl-p-D galactoside 
ZAP Zinc activated protein 
Zn Zinc 
ZRF Zinc regulatory factor 
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C Cys Cysteine 
D Asp Aspartate 
E Glu Glutamate 
F Phe Phenylalanine 
G Gly Glycine 
H His Histidine 
I Ile Isoleucine 
K Lys Lysine 
L Leu Leucine 
M Met Methionine 
N Asn Asparagine 
Q Gln Glutamine 
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CHAPTER. 1 LrrERATURE REVffiW 
1.1. Transcriptional Regulation of Gene Expression 
All cells contain same genetic information in the same organism. Thus, the 
differential transcription of different genes largely determines the actions and 
properties of various cells. In addition to the programmed gene expression, organisms 
could also respond to the changing extemal environment by modulating the 
expression of their genes. In most cases, the expression of gene is regulated at the 
transcriptional level. Therefore, a major challenge in molecular biology is to decipher 
the mechanisms that control the activation and depression of specific genes in 
response to incoming signals. 
Regulation at the transcriptional level is mediated by the interplay between the 
cis-acting elements ff"igure 1.1)，which are the regulatory points on the 5，flanking 
region of the gene, and the transcription factors, also called the trans-acting proteins, 
which are the specific proteins binding on those cis-acting sites. This interplay 
facilitates the binding of the RNA polymerase to the target gene to initiate 
transcription. 
Eukaryotes have three different RNA polymerases, designated I，H and HI, 
each has a specific fiinction and binds to a different promoter sequence. While RNA 
polymerase I OPol I) is responsible for the synthesis of only pre-ribosomal RNA 
transcript that contains the precursor for the 18S, 5.8S and 28S RNA, RNA 
polymerase II (Pol H) has the central function of synthesizing mRNAs, as well as 
^^^APTER. 1 LITERATURE REVffiW 1 
some special function RNAs. Whereas RNA polymerase HI (Pol HI) makes tRNAs, 
the 5S rRNA, and some other small specialized RNAs. As our interest is the 
regulation of metallothionein (MT) gene, only transcription controlled by RNA 
polymerase II will be discussed OFigure 1.1) (Uoeder, 1996). 
ZX%-2iZ^VL^^'''''^^^^^^ 
( f " ^ ^ f e ^ ^ ^ ¢ ^ 
Figure 1.1 Transcriptional Machinery GTFs: General Transcriptional Factors; POL: 
RNA Polymerase II; TAFs: TATA-box binding proteins Associated Factors; TATA: 
TATA box; USA: co-activator having Upstream Stimulating Activity (Modified from 
Roeder, 1996) 
The incoming stimulus, both extemal and intemal, involving a complex 
protein-protein interaction, usually led to the access of these specific trans-acting 
proteins to the gene. The bindings of the trans-acting proteins to the cis-acting 
elements may open-up the chromatin structure, and cause rearrangement of 
nucleosomes. Examples from steroid hormone receptor controlled genes support this 
model ^Eamana, 1980). The binding of transcription factors to DNA allows access of 
the TATA box binding proteins associated factors, which in tum activate the general 
transcription factors, thereby facilitating transcription initiation by RNA polymerase 
II. Moreover, other mediators and the co-activators having upstream stimulating 
^^^APTER. 1 LITERATURE REVffiW 2 
activity are found to be involved. In Summary, in this transcriptional control 
machinery, there are cis-acting elements for the binding of trans-acting proteins. Thus, 
this protein-DNA interaction has been the major tool to control gene transcription. 
Despite the tremendous progress in understanding the biochemical 
mechanisms of TATA-dependent transcription, it has become evident that many 
promoters do not contain consensus TATA boxes, or even non-consensus TATA 
boxes. Some TATA-less promoters retain the ability to direct transcription initiation 
from a specific nucleotide, whereas others appear to direct transcription initiation 
from multiple start sites, ranging from a few tightly clustered start sites to dozens of 
sites spanning hundreds of nucleotides (J^igh and Tjian, 1991). 
It has been suggested that the mechanism of regulation of differential MT gene 
expression can be attributed to the cis-acting elements in the 5, promoter region ofthe 
gene and their related trans-acting protein factors. (Dynan and Tjian, 1985; Johnson 
and McKnight, 1989) Tissue-specific regulatory elements were identified in well-
characterized genes and were then used to purify and clone these tissue-specific 
transcription factors. 
Apart from cloning the transcription factors by means of their specific 
recognition on the target gene promoter, messenger RNA of the transcription factors 
are also purified. By means of reverse-genetics approach, their cDNAs were cloned, 
and thus their DNA sequences, as well as their protein structure, were identified and 
studied. 
^^^APTER. 1 LITERATURE REVffiW 3 
Among the various models，MT constitutes an attractive system for biologists 
studying the molecular mechanisms involved in inducible gene expression. 
1.2 MT:ABriefReview 
MT, since discovered as a cadmium binding protein from equine renal cortex 
in 1957 by Margoshes and Vallee, has been studied for forty years. MT differs from 
other metalloproteins by its much higher metal content, its unusual bio-inorganic 
structure, and its remarkable kinetic liability, properties now believed to enable them 
to function in rapid metal transfer & metalloregulatory process pCagi, 1991). 
MT is a family of low molecular weight proteins and is extensively 
homologous in eukaryotes. MT can be categorized into 3 classes based on the 
following structural characteristics pCojima, 1991). 
Class I MTs are single-chain polypeptide with locations of cysteine residues closely 
related to those in equine renal MT {e.g. All Vertebrates MT). Class II MTs are single-
chain polypeptide with locations of cysteine residues only distantly related to those in 
equine renal MT (in Sea Urchin, Yeast, and Cyaobacteria MT). Class ffi MTs 
combine a group of atypical, non-ribosome-dependent biosynthesized (non-
translationally synthesized) metal-thiolate polypeptides consisting of linear chains of 
y-glutamylcysteinyl units in a general formula of y-(Glu-CysXiGly. They are 
oligomeric, comprising two or more polypeptides of various lengths, and usually 
known as phytochelatins (PCs) and cadystins {in Plants and singIe~cell organisms). 
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Although MT has been studied for forty years, its physiological functions 
remain enigmatic. Suggestive arguments for its playing a central role in metal-related 
cell-biological processes are its occurrence throughout the entire biosphere and the 
elaborate regulation and programming ofits biosynthesis. Its capacity ofhigh afFinity 
binding of heavy metal ions and its synthesis being regulated by metal ion 
concentrations suggest that MT plays pivotal roles in the metabolism ofthe relatively 
nontoxic essential metals (zinc and copper), as well as toxic heavy metals (cadmium) 
(Andrews, 1990). 
In an attempt to better define the function ofMT, researchers have inactivated 
both the MT-I and MT-E genes in mice _ c h e l , 1994). Though the mice can still 
survive in the absence ofboth MT-I and II, increased susceptibility to Cd was found. 
In addition, injection of animals with Cd results in accumulation ofMT in the liver 
and kidney. Together with the fact that cells over-express MT are more resistant to 
metal ion toxicity, the rescue function of MT through a negative feedback control 
loop is proposed p^igure 1.2). This detoxification function is suggested to execute by 
sequestering the metals and eliminating the metals from organs like liver and kidney 
QJvaetal, 1996). 
Furthermore, the cystathionase or trans-sulfuration pathway is absent in 
human fetus, and thus, MT may play a role as a cysteine storage protein in early 
human development (Zlotkin and Cherian, 1988). Analysis of metal regulation ofMT 
gene in mid-gestation mouse embryo in vivo and in vitro during the teratogenic period 
in mice (day 9 to 10 of gestation) suggested that following matemal injection, 
cadmium was prevented from reaching the embryo. High affinity binding of cadmium 
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by MT in deciduum and placenta might provide a barrier for cadmium from reaching 
the post-implantation embryo. Moreover，MT has been localized in various cell types 
in fiill-term human placenta and thus MT may play a role in preventing the 
teratogenic effects of cadmium (Cherian and Chan, 1993) 
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Figure 1.2 Schematic Presentation of Heavy Metal Sequestration and Rescue of 
Impaired Metalloproteins by MT (Modified from Chan, 1996) 
Nevertheless, it seems unlikely that protection against heavy metals would be 
the primary function of MT. First, Cd ions are not present at high levels in most 
biotopes and probably do not exert a selection pressure significant enough to justify 
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the existence ofa special detoxification system. Second, if the role ofMT were purely 
protective, one would expect to fmd these proteins only after exposure to toxic heavy 
metals. However, the basal level ofexpression ofMT is relatively high (K^arin, 1985). 
Thus, MT that is naturally present in animals' liver and kidney are supposed to 
serve as the major storage form for the essential elements, Zn and Cu, which are 
needed for maintaining normal metabolism, as well as to control the endogenous level 
ofthese essential metals. In addition, MT in intestine is thought to be an important 
site for the regulation of mammalian and avian zinc absorption. It was also 
demonstrated that parenteral injections ofzinc ions and diets high in zinc ions resulted 
in the synthesis ofMT in the intestinal mucosa ofrats. On the other hand, the level of 
these elements is highly influenced by the dietary status of the animal OBremner, 
1993). 
These observations, together with the finding that MT is expressed in an 
inducible manner in essentially every tissue (Searle et al, 1984)，provide evidence 
that MT plays a role in both the homeostatic and intracellular control ofZn and Cu 
metabolism. Once either ion reaches a certain threshold level, the transcriptional rate 
ofMT genes increases, leading to synthesis of more protein to bind the excess metal. 
Furthermore, the level ofintracellular Zn regulates the turnover rate ofMT; when Zn 
is in short supply, MT is rapidly degraded flCarin, 1981). 
The high endogenous hepatic levels of Zn and Cu bound MT in fetal and early 
neonatal life in several animals suggest that MT as intracellular storage of essential 
ions may play an important role during prenatal development. However, the 
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proportion and the amount ofthese essential metals associated with MT vary with the 
species as well as fetal and neonatal age (Cherian and Chan, 1993). 
Even though the results from in Cu-thionein (CUPI) knock-out yeast and MTI 
and MTII knock-out mice strongly suggested that MT is not essential for 
developmental processes, this buffering properties, which is similar to the role of 
ferritin in binding ofiron during development, reduces the ionic concentrations and is 
proposed to be important during development. 
In addition, differences in the two major MT isoforms, MT-I and -H have 
been reported in rat and mice liver during development. While rat liver contained 
more MT-II than MT-I, mouse liver contained more MT-I than MT-H. Recent studies 
also report changes in distribution of these two isoforms in various mammalian 
species and these differences may be related to changes in metabolism of different 
metals in these species (Cherian and Chan, 1993). Although MT is mainly localized in 
the cytoplasm in adult hepatocytes, its presence in nucleus and cytoplasm is observed 
in both fetal and neonatal livers. The significance in the nuclear-cytoplasmic 
localization of MT and the functions of specific isoforms are not yet understood 
clearly. 
Proteins whose synthesis is subject to such a complex and fine regulation as 
MT are likely to occupy a central role in cellular metabolism. As the major Zn-
binding proteins in the cell, MT can potentially modulate many important biological 
processes that involve Zn-requiring enzymes such as replication, transcription, protein 
synthesis and degradation, as well as energy metabolism. Their involvement can 
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either be direct, via interaction with inactive apoenzymes, or indirect, by regulation of 
available Zn in the cell, hideed, it has been shown that the transfer of Zn from MT to 
the apoenzymes can reactivate several Zn-requiring apoenzymes (Vallee and Maret, 
1993). 
MT may thus constitute a regulatory system whose function is analogous to 
that of calmodulin in calcium metabolism. Conceivably, different variants of MT 
could carry Zn to different classes of enzymes. Hormones that control MT gene 
expression could effectively modulate a cell's metabolic and proliferative status by 
altering the intracellular distribution ofZn ^remner, 1993). 
Apart from metals, oxidative stress and inflammatory conditions have been 
shown to induce MT synthesis in various systems. The administration of superoxide 
radical generator caused an increase in MT concentration in the lung and liver of rats. 
The induction of MT by oytokines in the liver exerted an antioxidative role during 
acute phase response, therefore preventing tissues from injury by oxidative stress. 
Several mechanisms, including lipid peroxidation with free radical formation, 
release of cytokines during inflammation, and changes in tissue distribution of zinc, 
are proposed, along with the physiological role of MT as a free radical scavenger. 
Most of the organic compounds induced MT synthesis indirectly either by releasing of 
certain cytokines from macrophages, monocytes and other cell types or by increasing 
the cellular zinc concentration (Sato et al., 1993). 
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In addition, several studies suggest that induction of MT synthesis can play a 
role as a free radical scavenger in X-irradiation and after treatment with adriamycin, 
carbon tetrachloride and tumor necrosis factor (TNF) (Sato et al, 1994), thereby 
suggesting a medical application ofMT. 
Although induction ofZn-MT in certain conditions can scavenge hydroxyl and 
other oxygen radicals and provide some protection against lipid peroxidation and 
DNA damage, the relative importance of MT in comparison with other antioxidants 
defense systems, such as SOD and GSH, in normal physiological conditions is not 
well understood. The co-expression of MT and Cu, Zn-superoxide dismutase (SOD) 
genes has been reported in yeast where MT may act both as a donor of metals to the 
enzymes and as an antioxidant (Carri, et al., 1991). In Vitro studies have shown that in 
GSH depleted cells, induction of MT can protect against the cytotoxic effects of 
quinone (Chan et al., 1992) and hydroperoxide (Ochi., 1988). It is important to 
consider the subcellular distribution ofMT and the ability of cells to synthesize MT in 
evaluating its role as an anti-oxidant. However, it is unlikely that MT will provide a 
long-term protection in continuous exposures to oxidant stress. 
The discovery of MT-IE and MT-IV in mouse and human might give an 
insight on the function of MT. As a growth inhibitory factor in human brain tissue, 
MT-ni suppresses the neurotrophic activities in normal brain but this suppressing 
ability was greatly reduced in Alzheimer's disease brain as MT-III is down-regulated. 
On the other hand, MT-IV plays a role in regulating Zn metabolism during 
development in differentiating cells of stratified squamous epithelia (Quaife et al., 
1994) 
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Since all vertebrates MT belong to class I，only Class I MT is discussed in this 
thesis. Class I MT proteins are about 60-68 amino acids, with each containing about 
30% cysteine residues in a characteristics distribution such as Cys-X-Cys or Cys-X-
HBH^39 
^^Bn^^gS^B^M 
H ^ ^ K ^ Q H 
Figure 13 Three-Dimension Structure 0fZn2,Cds-MT Colour represents: blue, a -
domain; red，p-domain; green，CHj； yellow，Sulfur; graygreen, Cd; lightblue, Zn. 
(Adapted from Robbins and Stout, 1992) 
X-Cys (where X is any amino acid), but no aromatic amino acids，nor histidine. MT 
consists of two globular domains, the a-domain, containing 11 cysteine residues, at 
the C-terminal and the 3-domain, containing 9 cysteine residues, at the N-terminal. 
Having a high affinity for metal ions, each molecule binds 7 divalent metal ions such 
as zinc and cadmium (Figure 1.3), or 12 monovalent metal ions，such as mercury. 
Three divalent atoms form a chair arrangement with three bridging and six terminal 
Cys ligand in p domain, with the a domain has four metal atoms in an adamantane 
like CO- ordination with five bridging and six terminal Cys ligands. Each metal is 
tetrahedrally coordinated by the sulfur atoms of the cysteine residue and the bonds 
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Pigf*re 1,4 Amino Acid Sequences of the Four Human Metallothionein Isoforms, 
^T-1 to hMT-4 The arrangement of the twenty cysteine residues (red) are invariant 
among the four isoforms. (Modified from Kagi, 1991; Nakajima, et al.，1991； 
Palmiter，etal, 1992; Quaife, etal., 1994) 
Class I MT usually has different isoforms. Mammalian (mouse and human) 
MX has four isoforms P^igure 1.4). MT-I and MT-II are ubiquitous ^>aimiter et al., 
1992) but MT-m and MT-IV are restricted to brain and differentiated stratified 
squamous epithelia cells respectively. MT-III has one and six amino acids inserted 
into the N-terminal and C-terminal ofMT-I and MT-H respectively while MT-FV has 
one insertion at the N-teraiinal (Quaife et al, 1994). MT-in is not regulated by metal 
ions. 
MT genes are organized as multigene families that display developmentally 
regulated repression patterns as well as cell-type specific regulation. Despite the 
ubiquity ofMT in the animal kingdom, there are wide differences in the number and 
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complexity o fMT genes observed in different organisms (Andrews, 1990; Stennard, 
1994). 
A remarkable conservation of tripartite structure is found in all vertebrate MT 
genes ^"igure 1.5). Although the length and nucleotide sequences vary in the two 
introns, the sites of interruption are conserved among species. While the first exon 
contains the 5'-untranslated region as well as the coding region ofthe first few amino 
GIy Ser a-domain 
100 ” 66 ” 234 Human MT-2A 
_J ^ee ——203 
2T S 
Asp Ser 
92 ，r 66，r 235 Mouse MT-2 
I • 252 r ^ ~ H3 m 
AH ~ s 
Figure L5 Conserved Tripartite Structure of MT Genes (Modified from Andrews, 
1990) • translation start codon A translation stop codon 
acid ofthe p-domain, the second and the third exons encode the remainder ofthe P-
domain and the a-domain respectively (Andrews, 1990). The serine residue, which 
acts as a hinge for the two globular domains, is also conserved at the end of exon 2 
(Samson and Gedamu, 1998). 
The 14 different human MT genes located in a gene cluster ofabout 82kbp on 
chromosome 16 are ample testimony to the complexity ofthe MT gene family ^"igure 
1.6). More than 8 are functional, and each encodes structurally unique proteins. 
Whether the gene is functional is determined by three factors: (1) the conformity of 
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predicted amino acid sequence with structure of known functional MT including the 
conservation of position and number of Cys and the absence of aromatic amino acids, 
(2) the retention of the conserved 3 exon / 2 intron tripartite structure, and (3) the 
absence ofin frame termination codons (Stennard, 1994). 
2AlL lE lKlJ lA lD lC lB lF lG lH 11IX 
HumanMT Locus | ^ _ | ^ _ • _ | | _ _ | 
MT-IV MT-m MT-n MT-I 
Mouse MT Locus ^ ^ ^ ^ 
Figure l,6MTLocus of Human and Mouse The red box, pseudo-gene; blue arrow, 
gene able to be transcribed (Modified from Andrews, 1990; Stennard, 1994) 
The significance of this multiplicity of MT genes in the human remains 
unclear. One possibility is that the multigene family encodes a number of functionally 
distinct proteins within their general structural similarity. Thus, each isoform has 
unique amino acids, which might impart to its altered properties to adapt to the 
different functionally important parameters such as affinity for particular metal or 
compartmentalization of protein (Stennard, 1994). Another possibly is to cope with 
the functional diversity of the gene by altering the expression of these genes. Thus, 
each isoform may not be similar in the protein structure but different in its expression 
such as inducer-specific, cell-type specific and developmental-specific expression 
(Stennard, 1994). 
For instance, the fact that human MT-lA response only to cadmium and high 
level of zinc implies its fiinction in protecting the cell against cadmium toxicity. 
While，MT-2A response to low level of zinc suggesting that it may be used in normal 
zinc metabolism (Richards et al., 1984). Similarly, cadmium led to higher relative 
accumulation ofrat MT-1 (Suzuki & and Yamamura, 1980) and rat MT-H had high 
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affinity for zinc than MT-1 O^inge and Miklossy, 1982). On the other hand, the 
mouse MT-1 and - 2 genes have similar functional and regulatory characteristics 
(Dumam and Palmiter, 1981) 
1.3 Transcriptional Regulation ofMT 
The regulation ofmetallothionein is mainly exerted at the transcriptional level 
as the relative rate of synthesis of rat liver metallothionein -I and -H directly 
correlated with the amounts ofmetallothionein mRNAs in these tissues. Furthermore, 
induction ofmetallothionein mRNA synthesis was independent of protein synthesis as 
it was not inhibited by cycloheximide, which is a protein synthesis inhibitor ffhamam 
and Palmiter, 1981). 
Nuclear mn-off transcription experiment showed that MT mRNA synthesis 
was increased 17 to 25 fold within an hour after Cd exposure, thus, confirming that 
the regulation of MT occurred predominantly at the level of transcription initiation, 
rather than mRNA processing, degradation or translation (Searle et al., 1994). 
Expression of MT is regulated by many factors. In addition to metal ions， 
growth factors, stress, hormones, cytotoxic agents，inflammatory agent & cytokines 
are known to induce MT (Table 1.1). Studies of the induction o f M T by factors in 
blue drew little conclusion. Hormones (Cytokines) and cytotoxic agents are inducers 
ofMT implying that it functions in cellular proliferation and differentiation on the one 
hand and in cellular defense mechanisms on the other. Others like ethanol and some 
nutritionally significant agents would appear to act through indirect mechanisms. 
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They may not be the primary inducers o f M T gene and may probably related to a 
transcription factor known as the activator protein 1，API. In addition, the fold of 
induction o f M T by metals are dramatic, usually 10 to 30 folds, while that by other 
factors are much lower，only 2 to 5 folds. 
Thus，the most remarkable feature o f M T is its inducibility following metal 
ion administrations. According to the results of Kramer et al., cadmium and zinc 
treatment could induce MT or MT mRNA in mouse astrocyte primary cultures. In an 
w vivo experiment, injection of arsenic in rat enhanced rat hepatic MT synthesis. This 
data indicated that a variety of metal ions might increase MT expression either 
directly by inducing MT mRNA or indirectly by altering post-transcriptional events. 
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Heavy Metal Ions: 
C d % Zn2+，Cu+ 2+，Au+，Co!+，Ni!+，Bp+，Hg+，Ag+ 
Hormones and Second Messengers 
Glucocorticoids, Progesterone, Estrogen， Catecholamines, Glucagon， 
Angiotensin II，Arg-Vasopressin, Adenosine, cAMP, Diacyglycerol, Calcium 
Growth Factors 
Serum Factors，Insulin, Insulin-Like Growth Factor-I, Epidermal Growth 
Factor 
Inflammatory Agents and Cytokines 
Lipopolysaccharide (LPS), Carrageenan，Dextran, Endotoxin, Interleukin-1, 
InterIeukin-6, Interferon-a, Interferon-P, Tumour Necrosis Factor 
Tumour Promoters and Oncogenes 
Phorbol Esters, ras 
Vitamins 
Ascorbic Acids，Retinoate，la,25-Dihydroxyvitamin D3 
Antibiotics 
Streptozotocin, Cyclohexiniide, Mitomycin 
Cytotoxic Agents 
Hydrocarbons, Ethanol，Isopropanol, Formaldehyde, Fatty Acids, Butyrate, 
Chloroform, Carbon Tetrachloride, Bromobenzene, Iodoacetate, Urethane, 
Ethionine， Di(2-ethylhexyl)phthalate, a-Mercapto-P-(2-ftiryl)acrylate, 6-
Mercaptopurine, Diethyldithiocarbamate, Penicillamine, 2,3-
Dimercaptopropanol, 2,3 -Dimercaptosuccinate, EDTA, 5-Azacytidine, 
Acetaminophen, lndomethacin 
Stress-Producing Conditions 
Starvation, Infection, Inflammation, Laparotomy, Physical Stress, X-
irradiation, High O2 Tension, Ultraviolet Radiation 
fflWe hl Factors that Induce MT Biosynthesis in Cultured Cells or in vivo. 
O^odified from Kagi, 1991) 
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1.4. MT Promoter Organization and Function 
The promoter regions of different MT genes are unique in length, numbers and 
types of cis-acting elements. To study these cis- acting elements, the promoter regions 
ofMT genes were cloned into promoterless reporter vector and functional assay was 
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Figure 1,7 FunctionalAnalysis of5-Deletion Mutants of Mouse MT-1 Gene 
(Modified from Carter et al, 1984) 
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performed with these constructs transfected into in vitro systems. For example, mouse 
MT-I promoter was subcloned into the p-galatosidase vector and 5'-deletion mutants 
were made OFigure 1.7). These constructs were then transfected into CV1 monkey 
kidney cells by using calcium phosphate precipitation. Then, the P-galatosidase 
activities were measured after different treatments. As shown in this figure, deletion 
of the MREs led to reduction of the P-galatosidase activities in both uninduced and 
cadmium-induced cells. The reduction of P-gal activity was more pronounced from 
the construct mMT-151 to mMT-104 as two MREs and 1 Spl binding site were 
deleted. Also, the p-galatosidase activity of cadmium induced cells were much higher 
than the uninduced cells, indicating that MREs mediated metal responsiveness in MT 
gene promoter. 
In order to response to the incoming metal ions, a set of short and homologous 
sequences, the metal-response elements QVlRE)，is present on the MT promoter as it is 
the only metal-inducible cis-acting element identified so far. (Stuart et al, 1984). 
Sequence comparison and site-directed mutagenesis have been done and 15 bp 
imperfect repeat containing a minimal core of 7 bp consensus sequence, 
5'TGCRCNC3', in which R stands for purine and N stands for any nucleotide. MREs 
are found, in either orientation, upstream of all heavy metal-induced MT genes 
analyzed to date. Moreover, MREs were also identified in the 5, upstream region of 
zinc transporter ZnT-1 ^>almiter and Findley, 1995) and y-glutamylcysteine 
synthetase heavy subunit gene (Tomonari, et al., 1997). 
It is believed that metals do not directly bind on the MREs and instead, metal-
responsive transcription factors (MRTF) are required for transcriptional control ofMT 
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genes by metal ions. The mechanism ofhow the metal ions, the MRTF and the MRE 
interact is still unknown. One possible mechanism proposed is the allosteric model 
(Figure 1.8). In normal condition, the metal ion level is low and only a portion of the 
MREs is occupied by the MRTF. Thus, MT is also transcribed in normal condition, 
though the transcription rate is low. When intracellular metal concentration is 
elevated，all MREs are saturated, thereby cooperating to bring about a high 
transcription rate. Alternatively, MRTF might be released from its interaction with 
some cytoplasmic component for transport into the nucleus like in the protein/MRTF 
inhibitor model ^"igure 1.8). It is also conceivable that there is a modification system 
that modulates the transcriptional competence for MRTF according to intracellular 
changes in the metal concentrations. For instance, the transcription factor c-jun is 
differently phosphorylated upon different stimuli, which modulate its transcriptional 
competence ^Iunter and Karin, 1992). 
Another possibility would be the existence of a repressor, which, in the 
absence of metal ions, keeps the MT promoter in a closed, inaccessible chromatin 
state OFigure 1.8), or there might even be a specific co-activator involved. Finally, it is 
also possible that the heavy metal regulated transcription of the MT gene is in fact a 
mixture ofall possibilities mentioned above ^ieuchel et al, 1995). 
Table 1.2 lists the identified protein fiinctions, their sizes and target sequences. 
Each ofthese factors will be discussed in chapter 4. Protein with different sizes were 
identified, indicating multiple factors could bind with different MREs. 
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Factor Origin Assay Target Size Reference 
Sequence (kDa) 
mouse mouse bandshift assay mMREd 86 Radtlke 
MTF-1 (1993) 
human human HeLa bandshift assay mMREd 72.5 Brugnera 
MTF-1 (1994) 
MEP-1 mouse southwestern mMREd 108 Labbe 
Cd resistant blotting/ UV- (1991) 
liver crosslinking 
MBF-1 mouse l iver~ UV- tMREa 74 Imbert 
crosslinking (1989) 
ZAP rat liver bandshift assay mMREa - Searle 
(1990) 
ZRF human HeLa bandshift assay hMREa 116 CHsuka 
(1994) 
MREBF1 human bandshift assay hMREa 86 Czupryn 
HepG2 (1992) 
MREBF2 human bandshift assay~~hMREa ^ Czupryn 
HepG2 (1992) 
MREBP human bandshift assay hMREa 112 Koizumi 
HeLa _ | (1992) 
Table 1.2 Mammalian MRE-binding Factors (Identified from Brugnera, 1994; 
Czupryn, 1992; Imbert, 1989; Koizumi, 1992; Labbe, 1991; Otsuka, 1994; Radtlke, 
1993; Searle, 1990). 
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Pigure 1.8 Possible Models for metal-induced transcription of metallothionein 
genes. 
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A)Allosteric Model. Transcriptional induction ofthe MT gene is solely dependent on 
promoter occupancy by MRTF. Zinc acts as a conduce in that it transforms the loose 
zinc finger structures of MTRF into a DNA binding-competent form. This model 
proposed for mammalian MRTF has been shown independently to be correct for the 
Yeast copper MT systems OVestin and Schaffher, 1988; Furst et al, 1988). 
B) Protein / MRTF Inhibitor Model Under normal conditions, the MRFTF is 
bound by an inhibitor and is released upon intracellular increase in the metal 
concentration. 
C) DNA Repressor Model. The MT promoter is kept in an inactive state by a 
repressor bound to the DNA. Upon an increase in the intracellular metal 
concentration, the repressor, which itself may have an affinity for metal ions is 
exchanged for high affinity binding MRTF. 
D) Co-activator Model. A specific co-activator binds metal upon increase of the 
intracellular metal concentration and interacts with MRTF to fixlly transcribe the MT 
genes^ieuchel etal., 1995). 
Apart from responding to metal stimulus, MT promoters are also used as basal 
promoters as MT is constitutively expressed. The binding sites for Spl, the GC box, 
have been identified in many housekeeping genes as well as in all mammalian MT 
gene. Spl binds at two different sites on the mouse MT-I promoter with the proximal 
one overlaps with the MREd. Spl also binds on the human MT-Ha and the rat MT-I 
gene (Figure 1.9). 
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In fact, Spl was the first ever transcription factor purified and cloned. The 
cloning of Spl was a “reverse genetics，，approach. First, Spl protein was purified 
from HeLa cells and digested with trypsin. Then the digested peptides were purified 
by reverse phase HPLC with their amino acid sequences analyzed and degenerate 
primers were synthesized. These oligonucletides synthesized were then used to screen 
the HeLa cDNA library (Kadonaga et al,, 1987). 
The cloned C-terminal Spl (Figure 1.10) had 778 amino acids. 3 zinc fingers 
for DNA binding were found in Spl. However, these zinc fmgers were not sufficient 
for transcriptional activity. It also contains two glutamine rich domains and two 
serine/threonine rich domains for transcriptional activation O i^gure 1.11) (Courey et 
al., 1988). 
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Basal Level Element; GRE: Glucocorticoid Responsive Element; IRE: Interferon 
Responsive Element; MLTF: Major Late Transcription Factor; MRE: Metal 
Responsive Element; Spl: Specific protein 1. 
1 , S e r / T h r - r i c h Z i n c Fi i igers 778 
� - • I w V m<^l^mmm^ 
\ , ^ _ 
Glsi-neh DNA Binding 
Figure 1.10 Structure ofSpl Protein Residues 22 to 52 and residues 182 to 262 were 
both 52% serine/threonine rich (17/33 and 42/81，respectively.)； residues 67 to 124 
and residues 263 to 391 were both 29% gkiiamirie rich (17/58 and 37/129, 
respectively ). The zinc fingers were green. The arrow indicated the amino acids 
sufficient for sequence-specific binding of Spl to DNA 04odified from Kadonaga, et 
al., 1987) 
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Figure 1.11 Zinc Fingers ofSpl OVlodified from Kadonaga, et al., 1987) 
-~A— ~ r d � , ' ’ , � � ~ ' W ^ ^ - ^ m T A T A � m o u s e 
-200 -150 -100 -50 +1 MT-I 
cis-acting e l e m e n t s :遍 MLTF • MRE w MT 
• ^ I Gene 
trans-acting elements:轟 Spi U Api 
Figure 1,12 MLTF Binds to Mouse MT-I API: Activator protein 1; MLTF: Major 
Late Transcription Factor; MRE: Metal Responsive Element; Spl: Specific protein 1 
OVlodified from Carthew etal., 1987; Muller etal., 1988; Molloy and Watt, 1990). 
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cis-acting elements: _ ^ A GRE m MRE ^ 
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Figure 1.13 API Binds toMTPromoter API: Activator protein 1; BLE: Basal Level 
Element; GRE: Glucocorticoid Responsive Element; JRE: Interferon Responsive 
Element; MRE: Metal Responsive Element; NF-E.: Interleukin 6; Spl: Specific 
protein 1. OVlodified from Lee et al., 1987;Muller etal., 1988; Olsson, etal., 1995) 
^ r V A ^ d y ^ m m , ^ i ^ - C > ^ ^ ^ t ~ 瞧 TATA j ^ human 
-700 -200 -150 -100 -50 + 1 ^ M T - H A 
- ~ 0 ~ " ® © ~ © ® ~ 0 ^ —， ^ U - ^ - H * ^ - * ^ rainbow 
-1000 "600 -100 +1 trout MTA 
Start 
cis-acting elements: 0 BLE 瞧 MRE • GRE \ Site 
trans-acting elements: • Spl 0 ^ * Q NF-IL6 • BRE 
Figure 1,14 GREinMTGene API: Activator protein 1; BLE: Basal Level Element; 
GRE: Glucocorticoid Responsive Element; JRE: Interferon Responsive Element; 
MRE: Metal Responsive Element; NF-E.: Diterleukin 6; Spl: Specific protein 1. 
(Modified from Muller et al., 1988; Olsson, etal., 1995) 
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The major late transcription factor (MLTF) which was initially identified to be 
required for optimal transcription from the adenovirus major late promoter (AdMLP) 
has been shown to bind to promoter region of mouse MT-I gene and to activate 
transcription in vitro ^^igure 1.12 ) (Carthew et al ,. 1987; Muller et al, 1988; Molloy 
and Watt, 1990). 
The activator protein 1 (API) was first identified as it interacted with the 
proximal BLE sequence on the human MT-IIa promoter ^.ee et al., 1987; Muller et 
al., 1988). API was also found to bind on rat MT-I，common carp MT and rainbow 
trout MT-A OFigure 1.13). This 47-kDa polypeptide is a heterodimer of 1 jun and 1 
fos polypeptide held together and binds DNA by a leucine zipper. Studies of API 
indicated that it was related to the tumor promoter TPA that was an example of 
phorbol esters. 
AP2 was found to bind on the distal BLEs. Unlike the ubiquitous factor API, 
AP2 appears to have a more limited distribution since it is present in HeLa but not in 
HepG2 cells. Like API, AP2 binds to control elements of a large number of genes 
whose expression are elevated in response to TPA and some are even induced by 
agents that elevate cAMP (Imagawa et al., 1987). 
Glucocorticoid is a steroid hormone produced in adrenal cortex. This hormone 
binds to the glucocorticoid receptor (GR) which becomes activated and stimulates 
transcription by direct interaction with glucocorticoid responsive element (GRE). The 
consensus sequence ofGRE is 5'GGT ACA NNN TGT TCT 3，. Induction of gene 
expression by glucocorticoids has been studied in many genes and promoters that are 
JO 
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induced by glucocorticoids usually contain more than one GRE. So far only 1 GRE 
has been identified on both the human MT-II and rainbow trout MTA promoter 
(Figure 1.17). 
1.5 Fish MT Genes 
Amino acid sequence of the first teleost MT obtained was a partial N-terminal 
and cDNA sequence from flounder {Pleuronectes canericaanus) (Chan et al., 1989) 
and since then MT from different teleost species were identified afterward. All teleost 
MT were class I MT, containing 60 amino acids, except rainbow trout and Atlantic 
salmon MTA, which contained an additional alanine residue inserted in the flexible 
hinge. Only one isoform was detected in marine flatfish (e.g. dover sole, plaice, 
turbot，and winter flounder) and in some freshwater fish such as stone loach and pike. 
On the other hand, common carp, eel, perch, scorpionfish and skipjack tuna were 
shown to be have two MT isoforms identified on ion-exchange column 
chromatography (George and Olsson, 1994). 
Different from mammalian MT, teleost MT has only 3 amino acid residues 
before the first cysteine residues. The amino-terminal has been indicated as the 
primary antigenic site on MT, explaining the low cross-reactively of mammalian MT 
antibodies with teleost MT. On the other hand, alignment of the deduced amino acids 
sequences showed that all the cysteine residues are conserved in numbers and 
positioning between fish. 
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The cDNA sequences of cod OVlcNamara and Buckley, 1994)，goldfish (Chan, 
1994), pike (kille et al., 1991), rainbow trout (Bonham et al., 1987; Hong and Schart, 
1992; Kille et a/.,1991; Zafarullah et al, 1988), stone loach ^Cille et al . ， 1 9 9 1 ) ， t i l a p i a 
(Chan, 1994), winter flounder (Chan et al., 1989) were obtained. Among them, only 
rainbow trout was reported to have two MT cDNAs sequences (MTA and MTB). 
Teleost MT genes were same as mammalian MT genes to have tripartite 
structure, conservation of cysteine residues and presence of multiple MREs in their 
promoter regions. Up to now, MT promoters were identified from rainbow trout, 
stone loach and pike and the study of these promoters will be further discussed in 
chapter three. 
In fish, a role for MT has mainly focused on the capacity of MT to detoxify 
metals as the ambient concentration of metals in water are much higher than terrestrial 
conditions. MT is induced when the cell experiences excessive concentrations of the 
essential elements Cu and Zn, or if non-essential Cd or Hg enters the cell. The 
induction ofMT results in an increased binding of these elements, thus decreasing the 
toxicity of these elements ^iogstrand & Haux，1991). 
In addition, MT was found to be able to influence the tolerance of zinc in 
acute toxicity tests (Klaverkamp et al, 1984). Pretreatment of animals with sublethal 
concentrations ofmetal will induce the level ofMT in the gills. Study showed that the 
levels of MT in the gills and the LC50 for zinc covaried in rainbow trout during 
exposure to waterbome zinc (Bradley et al, 1985). 
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On the other hand，the ability offish MT to be induced by glucocorticoids and 
noradrenaline implies that MT in fish as a function related to a general stress 
responses ^iogstrand et al, 1991). There is some evidence to demonstrate the stress 
hormone induces fish MT in vitro. During changes in salinity, there was an increase in 
MT levels and binding of zinc to MT in Buffalo sculpin (Sabourin et al, 1985). The 
benefit of elevated intracellular levels of zinc and MT can increase stabilization of 
lipid membranes and resistance to free radicals (Cousins, 1985). 
MT seems to be involved in the regulation of Zn during the reproduction in 
fish. For example, in rainbow trout, the hepatic MT content increased during sexual 
maturation offemales. During this period, female fish synthesize protein vitellogenin 
(a major plasma zinc binding protein) extensively. As Zn is required for DNA-RNA-
polymerases and some transcription factors ofthese proteins OVu & Wu，1987), it is 
possible that MT can regulate the activities ofthese proteins by donating or accepting 
Zn. Therefore, MT serves as a storage site for excess hepatic Zn during and after the 
synthesis of vitellogenin (Olsson et al., 1989). 
Teleost MT was also induced by heavy metal ions although both in vivo and in 
vitro studies showed that teleosts were more sensitive to Zn than Cd or Cu (Zafarulla 
e/ al, 1989). This echoes with the presence of MREs in the promoter regions of 
Teleost MT. Apart from metals, teleost MT was also induced under stressful 
conditions such as starvation qVlcNamara and Buckley, 1994). The induction is 
believed to be via an indirect route. 
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1.6 Aim and Rationale of Present Studies 
Essential metals such as copper and zinc are important components of a wide 
variety of metalloproteins, including enzymes and transcriptional factors. However, 
how these essential metals regulate gene expression is still poorly understood. Being 
both inducible after administration of metal ions and constitutively expressed as to 
control the metal homeostasis, MT has provided several advantages to address a basic 
question of how heavy metal ions regulate gene expression. Thus, study of cis- & 
trans-acting factors for MT can provide insights to understand how metals regulate 
MT gene expression and how MT gene expression may relate to differential metal 
tolerance in different species. 
Fish is ecologically important as it is one of the most widely distributed 
organisms in the aquatic environment and about 50% of the vertebrate species are 
fish. Common carp, despite its high endogenous level of MT, is sensitive to heavy 
metal ion challenges. Therefore, common carp MT gene is chosen as a model to 
understand the molecular mechanisms underlying the regulation of MT gene 
expression. The aims of the present study include the followings: 
1. Cloning ofthe MT gene with both the promoter region and the coding 
region by polymerase chain reaction and to identify the transcriptional start 
site of the MT. 
2. Dissection ofthe function ofthe promoter region of the common carp MT 
gene in vitro when fused to a reporter gene system and to study the 
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expression levels under uninduced, metal induced and stress induced 
conditions. 
3. Cloning of MRE-binding proteins by screening the expression library of 
liver of common carp and to study the DNA-protein interaction by 
Bandshift Assay. 
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CHAPTER 2 PCR CLONmG OF COMMON CARP M T GENE 
2.1 Introduction 
2.1.1 The Biology of Common Carp 
Being widely distributed over the tropical areas and as a local fish commonly 
found in the freshwater pond and streams in Hong Kong, common carp ^"igure 2.1) is 
chosen as an animal model in molecular and toxicological research. In spite of its 
thermophilic nature, it also tolerates extreme, long-lasting cold as well as rapid 
fluctuations of temperature. If water temperature decreases, the metabolism of carp 
and demand for food may slow down gradually and even stop at water temperature at 
4°C. At temperature above 20°C, common carp characterizes the optimum rapid 
growth capacity. 
• _ _ : A . 
mmmiimm^gg^mm^^^^ 麗 
^^^^m^ 
激绕:_祭_毅黎._:泛::錢安资.;:黄怒总^  ••。. , l i l _ : : • 
Figure2.1 Common Carp pCamohara, 1982) 
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In addition, common carp also shows high tolerance to variations in the ion 
concentrations ofwater as it can live in brackish water as well as in alkaline waters of 
pH 9. Carp is also less sensitive to fluctuations in oxygen concentration of 3 to 4 
mg/l. As a herbivore, the major diet of common carp is benethic and zooplankton 
organisms together with seeds of plants and water weeds. Therefore, common carp is 
easy to cultivate and reproduce p^aszl6,1992). 
2.1.2 The Study of Common Carp MT 
Common carp MT gene was studied in our laboratory. Previous studies by 
other laboratories showed that Zn inhibited DNA synthesis of carp lymphoid cells 
(Cenini and Turner, 1983) and induced MT protein formation (Cenini, 1985). Jn 
addition, i.p. administration ofCd ^Cito et aL, 1982a) and addition of Cd and Zn can 
induce two forms of MT in the hepatopancreas, gastrointestine, kidney, and gill, 
distinguished by DEAE-Sephadex A-25 column chromatography ^Cito et al., 1982b). 
In the hepatopancreas, the order ofMT inducibility is in the order ofHg > Ag > Cd > 
Zn but in terms of metal binding by hepatic MT, MT is very efficient with Cd, less 
efficient with Hg, and poorly efficient with Ag (Cosson, 1994). The amino acid 
composition of MTs in the hepatopancreas and kidney in common carp were 
determined QHito et al.，1982a; Kito et al., 1986) and were found to have typical 
characteristics of MT, with high cysteine contents (about 30%) and no aromatic 
amino acid, nor histidine. 
In our laboratory, both MT cDNA and gene were obtained by PCR method. 
PCR was used to amplify the MT gene fragments by using Thermoprime ^^ DNA 
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polymerase by P C Chan and Felice Wong. MT gene specific primers MTR, MTS and 
MTP3 f igure 2.2) were designed from the nucleotide sequence of common carp MT 
cDNA. The PCR products were then resolved on 2% agarose gel. As shown in figure 
2.2, PCR product of size about 400 bp was generated by using MTR and MTS. Also, 
a 650 bp product was generated by using MTR and MTP3. 
1 2 3 
• * 
^ ^ H Lane 1: MTR + MTP3 
^ ^ H kbp Lane 2: MTR + MTS 
^ ^ ^ 1 — ," Lane 3: Control 
^ ^ ^ ^ g — 
^ ^ ^ 1 —1.6 
^ ^ ^ H —1.1 
^ ^ ^ 1 —0.7 
^ ^ ^ 1 —0.4 
MTR MTS MTP3 
MTgene _ _ ^ ~ ^ ~ ~ ^ ^ ^ ~ ~ 
Exon ！ Exon II Exon III 
Figure 2.2 PCR Amplification ofMT Gene Fragment Different Primer sets were 
used. Lane 1: MTR + MTP3, lane 2: MTR + MTS (Adapted from Chan, 1996) 
MTR: 5，CATCACGTTGACCTCCTCAC 3' 
MTS: 5，AATGGATCCTTGCGATTGCG 3' 
MTP3: 5，TTGTAGGCAAAGTACATTGCA 3， 
The 5’ upstream region was obtained by In Vitro Cloning Kit by Felice Wong. 
Common carp genomic DNA was digested with restriction enzymes. C1 primer 
specific to the cassette and MTRP primer which is MT specific, were used to perform 
the 1^ round PCR. MTRP2 and C2 were then employed in the 2"^  round PCR. ffigure 
2.3) 
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Restriction Digestior^ ^  
L , Restriction Fragment L^ L_^ Restriction Fragment L^ 
Cassette Ligation ^ *~| | Cassette 
C1>- t ^ T R P 
5， [_n MT Gene Fragment~~ J H ^ U^^^ 3, 
• 
First Round PCR Known sequence determined from MT cDNAs 
C2>- • -<MTRP2 
5'EEl _3， 
Second Round PCR 
^ r 
5’ l r ^ ^ ^ ^ ^ ^ ^ M 3’ Amplified MT Promoter 
Figure 2.3 Strategy ofCloning the 5，Upstream Regions (Adapted from Chan, 1996) 
MTRP: 5，CCATTTTTCTCAAGAGTCCGCTCG 3， 
MTRP2: 5’ CCCTTAAAAGTCTCGCTTCACTCGA 3’ 
C1: 5，GTACACTATTGTCGTTAGAACGG 3’ 
C2: 5，TAATACGACTCACTATAGGGAGA 3' 
1 2 3 4 5 6 7 
ILane Primers Template 
1 100 bp marker 
2 C2, MTRP2 CH 
3 C2, MTRP3 CH 
4 C2, MTRP CH 
5 C2, MTRP2, CB 
6 C2, MTRP3 CB 
7 C2 MTRP CB 
CH and CB are common carp genomic DNA digested by Hind III and BamH 丨 r p ctively and the  ligated with ap ropriate 一 Figure 2.4Amplification of the 5, Upstream Regions (Adapte from Chan, 1996)CHAPTER 2 PCR CLONmC OF COMMON CARP MT GE E 37 
The PCR products were then analyzed by agarose gel electrophoresis ^"igure 
2.4). Only a 650 bp PCR product was obtained by using the HindIII digested common 
carp genomic DNA. This product was cloned into pCRH vector and its sequence was 
determined by chain determination method. 
The software MacVector was employed to identify the potential cis-acting 
elements. Five putative MREs, 1 Apl site and 2 Spl sites were found. (Figure 2.5) 
HindIII MREd> MREe< 
AAGCTTTCAAAAATTCTAAATTTGCTCCGGCGAAGCATCTTCTAAAGACGAGCCTCGATG 
GGCTTTATCTGGCTTAAATTATAAATTATTTATGCTTAAATACGTGTTTATTTTAATATT 




EcoRI S p l 
ACATTGAATTCTCTAATCACATAAACGTTTCGCAATCAATATTCAGCCCGCCGAGTGGAA 
AT GATAGTTATATAATAGTGTAAAACCAACATTGATGTGAATCAGGGTGGGATTGGAGAT 
MREa> A P I MREb> S p l 
TCCT6ATTGTTTGATAGTTTGCACCCGGTTTCATTAATGAGTCACCGTGTGCGGGCGGGA 




Figure 2.5Nucleotide Sequences ofthe 5' UpstreamRegion Clonedin pCRII 
Since amplification of the exon regions and the 5，upstream region were done 
by two separate experiments, additional experiment was performed to verify that they 
are in the same contiguously linked gene and the transcriptonal start site remained to 
be determined. 
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2.2 Materials and Methods 
2.2.1 Materials 
2-2.1.1 Polymerase Chain Reaction (PCR) 
Advantage™ Genomic PCR Kit (Clontech, USA) 
Advantage^^ Tth Polymerase Mix (50X): 5-6 units/^il Tth DNA polymerase (with 
VentR® as minor component), 0.5 i^g/^ il TthStart Antibody, 50% Glycerol,10.0 mM 
Tris-HCl，pH 7.5，230 mM KC1, 0.075 mM EDTA, 0.75 mM Dithiothreitol, 365 
Ug/ml BSA (CIontech, USA) 
50 X dNTP mix: lOmM dATP, lOmM dCTP, lOmM dGTP, lOmM dTTP 




2.2.1.2 Agarose GeI Electrophoresis 
50X Tris acetate (TAE) : 242g Tris base, 57.1 ml glacial acetic acid, 100 ml 0.5M 
EDTA, pH 8.0，add ddH2O to 1 liter. 
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6 X Loading bufTer for agarose gel electrophoresis: 0.25% bromophenol blue, 
0.25% xylene cyanol FF, 40% (w/v) sucrose in water 
2.2.1.3 Gene Clean by Sephaglas™ BandPrep Kit (Pharmacia) 
Wash BufTer: 20mM Tris-Cl, pH 8.0，lmM EDTA, 0.1 mM NaCl, 50% ethanol 
Sephaglas BP: 20% (w/v) Sephaglas BP suspended in distilled water containing 
0.15%Kathon®CG 
Gel Solubilizer: Buffered solution containing NaI 
Elution Buffer: lOmM Tris-HCl (pH 8.0)，lmM EDTA 
2.2.1.4 TA Cloning (hivitrogen, USA) 
10X Ligation Buffer: 60mM Tris-HCl, pH 7.5, 60mM MgCl2, 50mM NaCl lmg/ml 
bovine serum albumin, 70mM P-mercaptoethanol, lmM ATP, 20mM dithiothreitol, 
lOmM spermidine 
PCR® 2.1，linearized: 25ng/^il in 10 mg Tris-HCl, lmM EDTA, pH 7.5 
T4 DNA Ligase: 4.0 Weiss units/^1 
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2.2.1.5 Transformation of Plasmid Vector into Competent CeU (Heat Shock 
Method) 
Isopropylthio-P-D-galactoside (ffTG): 2g ffTG, add H2O to 10ml and sterilize the 
solution by filtration through a 0.22 i^m filter. 
Xgal (5-Bromo-4chloro-3-indolyl-P-D galactoside): 200 mg 5-Bromo-4chloro-3-
indolyl-P-D galactoside (Xgal). Dissolve in 10ml dimethylformamide and store in a 
dark bottle. 
CG Medium: 40 g CirlceGrow™ (BIO 101) made up to 1 L with ddH2O and 
autoclaved 
CG Agar: 15g agar dissolved in 1 L CG Medium and autoclaved 
2.2.1.6 Preparation ofPlasmid DNA 
Solution I: 50mM Tris-Cl, pH 7.5，lOmM EDTA, lOO i^g/ml RNase A 
Sterilize the buffer by autoclaving for 20 min at 151b/sq. in. liquid cycle. 
Solution n： 0.2 M NaOH and 1% SDS 
Solution m： 1.32 M potassium acetate, pH 4.8 
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Column Wash Solution: 200 mM NaCl, 20 mM Tris-HCl, pH 7.5, 5 mM EDTA, 
55% Ethanol 
TE Buffer: 10 mM Tris-HCl，pH 7.5, 1 mM EDTA 
Ribonuclease A (RNase A): Pancreatic RNase A (10 mg/ml) dissolved in 15 mM 
NaCl /10 mM Tris-Cl, pH 7.5，heated up to 100^C for 15 minutes 
2.2.1.7 DNA Sequencing 
2.2.1.7.1 Template Denaturation and Primer Annealing 
Annealing Buffer: 1 M Tris-HCl, pH 7.6，100 mM MgCl2,.l6O mM DTT 
2.2.1.7.2 Labeling and Termination Reaction 
Labelling Mix-dATP: 1.375nM each dCTP, dGTP, dTTP and 333.5 mMNaCl 
T7 DNA Polymerase: 8 units/^il in buffered glycerol solution 
Enzyme Dilution Buffer: 20mM Tris-HCl, pH7.5, 5 mM DTT，100昭 BSA/ml, 5% 
glycerol 
Stop Solution: 0.3% each Bromophenol Blue and Xylene Cyanol FF, 10 mM EDTA, 
pH 7.5,97.5% deionized formamide 
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dATP““ d C T P “ “ d G T P “ “ dTTP““ Tris-HCl, NaCl 
pH7.6 
"A" Mix- 93.5^iM 840^M 840^M 840^M 14^M 40mM l o 
Short ddATP mM 
"C, Mix- 840pM 93.5^iM " ^ o | ^ “ “ 8 4 0 p M ~ ~ l 4 [ j M 40mM 50 
Short ddCTP mM 
“G” Mix- 840pM 840nM 93.5nM S40[M““l4\M 40mM 50 
Short ddGTP mM 
“T，，Mix- 840^dVl 840^M"“^840pM 93.5^iM 14 i^M 40mM ^ 
Short ddTTP mM 
“A” Mix- 93.5^M 840^ JVI 840jjM~~84oJSt~~2.1^dVl 40mM ^ 
Long ddATP mM 
“C” Mix- 840jiM 93.5^M 840^M~~840^M 2.1^M 40mM 50 
Long ddCTP mM 
"G” Mix- 840pM 840pM 93_5pM 840nM 2.1^iM 40mM 50 
Long ddGTP mM 
"T,, Mix- 840pM 840 J^V1 ~~840^M~~93.5^ 2.1^M 40mM 50 
Long |_ ddTTP mM 
2.2.1.7.3 DNA Sequencing Electrophoresis 
Acrylamide solution (20%): 96.5 g Acrylamide, 3.35 g Methylene-bis-acrylamide, 
233.5 g Urea, 100 ml 5X TBE, made up tp500 ml ddH2O and filtered 
Urea mix: 233.3 g Urea, 100 ml 5 X TBE buffer，made up to 500 ml with ddH2O and 
filtered 
2.2.1.8 Total RNA Extraction 
Diethyl Pyrocarbonate (DEPC) treated water: 1ml DEPC was added to 1 L ddH2O 
stirred ovemight and autoclaved 
Tri Reagent 
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2.2.1.9 PolyA RNA Extraction 
EIution Buffer 2: 10 mM Tris, pH 7.5 
EIution Buffer 1: 200 mM Tris, pH 7.5，1.5 mM MgCl2,2% SDS, Protein/RNase 
Degrader 
Binding Buffer: 500 mM NaCl, 10 mM Tris-Cl, pH 7.5，in DEPC-treated water 
Low Salt Wash Buffer: 250 mM NaCl in DEPC-treated water 
2.2.1.10 Micro Bio-Spin Chromatography 
Gel Matrix: Bio-Gel P-6 polyacrylamide gel suspended in 1.0ml ofbuffer 
Tris Buffer: lOmM Tris-HCl, pH 7.4，0.02% sodium azid 
2.2.1.11 Analysis ofthe Transcription Start Site 
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AMV Primer Extension 2X BufTer:100 mM Tris-HCl, pH 8.3 at 42°C, 100 mM KC1 
20 mM MgCl2,20 mM DTT, 2 mM each dNTP, 1 mM spermidine 
T4 Polynucleotide Kinase: 10 X Buffer: 500 mM Tris-HCl, pH 7.5,100 mM MgCl2, 
50 mM DTT, lmM spermidine 
AMV RT (AMV Reverse Transcriptase) (Promega, USA) 
Loading Dye: 98% formamide, 10 mM EDTA, 0.1% xylene cyanoI, 0.15 
bromophenol blue 
Primer 
STI: 5，TCTTGGCGCAATCGCAAGGATCCAT 3， 
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2.2.2 Methods 
2.2.2.1 Polymerase Chain Reaction (PCR) 
PCR was performed in order to prove the exon region and 5，upstream region 
belonged to the same gene. Specific primer MTG5' was designed from the nucleotide 
sequence of the 5, upstream region and PCR was done using MTG5' and MTP3 by 
using Advantage™ genomic PCR kit (Clontech) and the PTC-100 Thermal Cycler 
OVU Research,USA). The PCR conditions were 35 cycles o f ( l ) 94。C，1 minute; (2) 
55。C，2 minutes; and (3) 72^C, 3 minutes. Common carp genomic DNA was used as 
the template. The PCR product generated was then analyzed by agarose gel 
electrophoresis. 
2.2.2.2 Agarose Gel Electrophoresis 
The PCR product was loaded into the 1.0% (w/v) agarose gel, which was 
prepared with agarose dissolved in IX TAE buffer (Section 2.2.1.2), with 6X gel-
loading buffer (Section 2.2.1.2) to a final concentration of IX. Electrophoresis was 
performed at a constant voltage of 70V in a gel tank with IX TAE buffer. After 
electrophoresis, the gel was stained in ethidium bromide ^tdBr) solution (lO^g/ml) 
and visualized on a Fotodyne (300nm) UV transilluminator and image was captured 
in Polaroid 667 instant films using Polaroid MP-4 instant camera. 
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2-2.2.3 Gene Clean by Sephaglas TM BandPrep Kit (Pharmacia) 
The agarose gel containing the desired DNA band was excised, weighed and 
put into a 1.5 ml microfuge tube. Two hundred and fifty U^ ofGel Solubilizer (Section 
2.2.1.3) was added, and the mixture was incubated at 60^C for 5-10 min until the 
agarose slice was dissolved. Five ^il ofSephaglas BP was added to the soIubilized gel 
to bind the DNA, the tube was vortexed gently and incubated for 5 min at room 
temperature with occasionally shaking to resuspend the pellet . The tube was then 
centrifiiged for 2 min at full speed in a microcentrifuge and the supernatant was 
carefully removed. The centrifugation was repeated for 1 min and any residual liquid 
was removed carefully. The Sephaglas pellet was then washed by 80 pJ of Wash 
Buffer (Section 2.2.1.3) to remove the contaminant. The tube was centrifuged at full 
speed for 2 min and the supernatant was carefully removed. This washing step was 
repeated twice. The Sephaglas pellet was allowed to air dry for 30 min to remove any 
residual ethanol. Finally, the DNA was eluted by 20 ^ preheated water (650C). 
(Adapted from Sephaglas™ BandPrep Kit histruction Manual) 
2.2.2.4 TA Cloning 
The amount of PCR product was then determined by measuring the 
absorbance at 260nm. The PCR product was then added to the mixture of 1 pil 10X 
Ligation Buffer, 1 jil T4 DNA Ligase and pCR® 2.1 vector in a vector to insert ratio 
of 1:3. The ligation mixture was then incubated at l4X for overnight. The product 
was then transformed into Competent Cell. 
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2.2.2.5 Transformation of Plasmid Vector into Competent CeU (Heat Shock 
Method) 
DH5ct competent cells were used for transformation of plasmid vector. The 
competent cells which have been stored in -TO^C was thawed at room temperature 
until the cell suspension is just liquid. Then the cells were placed on ice. Plasmid 
solution in a volume of less than 20|il was added to lOO i^l competent cells and mixed 
by swirling. The tube was placed on ice for 30-60 min. The cells were heat shocked at 
420C for 90 secs and then quick chilled on ice for a few min. Five hundred [d ofCG 
medium (Section 2.2.1.5) was added to the cells and incubated at 37<>C with moderate 
agitation for 60 min to allow the bacteria to recover and to express the antibiotic 
resistance gene encoded by the plasmid. One hundred ^1 of the transformed 
competent cells with 20^il of 100mM n>TG (Section 2.2.1.5) and 50nl of2%(w/v) X-
gal (Section 2.2.1.5) was spreaded onto a CG agar plate (Section 2.2.1.5) containing 
an appropriate antibiotic, ampicillin. The plate was then incubated at 37^0 overnight 
(Sambrook etal., 1989). 
2.2.2.6 Preparation of Plasmid DNA 
2.2.2.6.1 Small Scale Alkali Preparation of Plasmid DNA 
A single colony ofbacteria was transferred into 5ml of CG medium in a Snap-
capped 15 ml culture tube. The culture was incubated overnight at 37。。with 
vigorous (250 rpm) shaking. One and a half ml was transferred to a microfuge tube 
and centrifuged at 12,000 g for 5 min. The remainder of the culture was stored at 40C. 
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The supematant was discarded and the pellet was resuspended in 100 ^1 of ice-cold 
Solution I (Section 2.2.1.6) by vigorous vortexing. 200^il of Solution H (Section 
2.2.1.6) was added and mixed by inverting the tubes several times. 150 ^1 of ice-cold 
Solution III (Section 2.2.1.6) was then added and mixed by inverting the tube several 
times. The tube was centrifuged at 12,000g for 5min at 4^C, and the supematant was 
then transferred to a fresh tube. The plasmid DNA was precipitated by addition of 1ml 
absolute ethanol at -20°C ovemight. It was then centrifiiged at 12,000g for 15 min at 
40c. The supematant was discarded and the pellet was washed by 200^1 70 % ethanol 
at 40c. The ethanol was removed and the pellet was allowed to dry by Speed-Vac for 
about 5 min. Finally, the pellet was dissolved in 50pU ddH2O and stored at -20OC 
(Sambrook etal., 1989). 
2.2.2.6.2 Large Scale Preparation of Plasmid DNA using Wizard Maxiprep Kit 
(Promega) 
One hundred ml ovemight culture of E. coli was prepared and the bacteria was 
pelleted by centrifugation at 14,000g for 10 min at 4^C. The bacterial pellet was then 
completely resuspended in 15 ml of Cell Resuspension Solution (Solution I, Section 
2.2.1.6). 15 ml of Cell Lysis Solution (Solution II，Section 2.2.1.6) was added and 
mixed gently, but thoroughly, by stirring or inverting until the solution becomes clear 
and viscous. 15 ml of Neutralization Solution (Solution m, Section 2.2.1.6) was 
added and mixed by inverting the centrifiige bottle several times. The mixture was 
filtered through filter paper O^hatman #1，GFA) in to a centrifuge bottles. 
Isopropanol (0.6 volume) was added and mixed by inversion. The mixture was stored 
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at -2QOC overnight and then centrifuged at 14,000g for 15 min at 4^C to collect the 
plasmid. The supernatant was discarded and the DNA pellet was resuspended in 2 ml 
TE buffer. Ten ml of Wizard Maxipreps DNA Purification Resin was added to the 
DNA solution and mixed by swirling. The Maxicolumn tip was inserted into the 
vacuum source and the Resin/DNA mix was added into the Maxicolumn. A vacuum 
was applied to pull the Resin/DNA mix into the Maxicolumn. The Resiny1DNA mix 
was washed by 12.5 ml Column Wash solution (Section 2.2.1.6) for two times and a 
vacuum was applied to draw the Wash solution through the Maxicolumn. To rinse the 
Resin, 5 ml of 80 % ethanol was added to the Maxicolumn and a vacuum was applied 
to draw the ethanol through the Maxicolumn. The Resin was further dried by 
centrifugation at 2,500 rpm for 5 min in a table top clinical centrifuge. One ml 
preheated (65-70^0 ddH2O was added to the Maxicolumn. After 5 min, the DNA 
was eluted by centrifuging the Maxicolumn/Reservoir at 2,500 rpm for 5 min. The 
plasmid DNA may then be stored at 4^C or -20OC. 
2.2.7 DNA Sequencing 
TTvC 
The sequencing reaction was performed using T7 DNA Sequencing kit 
5*harmacia), which is based on the dideoxy sequencing reaction described by Sanger 
et al. (1977), but T7 DNA polymerase was used instead. 
2.2.2.7.1 Template Denaturation and Primer Annealing 
Template DNA (~3 ^ig) was diluted with distilled water to a volume of 8 ^il, 2 
(il of 2 M NaOH was added to the template. DNA was heated at 65°C for 15 minutes. 
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Then 2 ^il of 3 M sodium acetate (pH 5.0)，7 [d of ddH2O and 70 ^il of absolute 
ethanol were added. Precipitation was allowed to take place at -80。C for 15 minutes 
or at -20X for 1 hour. After washing with 70 % ethanol, DNA was dried under 
vacuum and finally resuspended in 10 …of distilled water. 
Two ^ll ofprimer (30 ng/p.!) and 2 ^il ofAnnealing Buffer were mixed with the 
freshly denatured DNA. Primer was allowed to anneal to the template by heating at 
65°C for 5 minutes, 37°C for 10 minutes and finally at room temperature for at least 5 
minutes. 
2.2.2.7.2 Labeling and Termination Reaction 
The annealed primer template (14 U^) was mixed with 3 U^ ofLabelled Mix A, 
1 nl of[a-^^]dATP ( > 1000 Ci/mmol ) and 2 ^il ofthe diluted T7 DNA polymerase 
(1.5 units/^ U, diluted with Enzyme Dilution Buffer). Labeling reaction was allowed to 
perform at room temperature for 5 minutes. After that, 4.5 d^ of labeling reaction 
mixture was pipetted into each of the four pre-warmed Sequencing Mixes and the 
termination reaction was continued at 37°C for 5 minutes. At the end ofincubation, 5 
[i\ of Stop Solution was added. 
2.2.2.7.3 DNA Sequencing Electrophoresis 
The Sequi-Gen Nucleic Acid Sequencing Cell ^io-Rad) was used for routine 
sequencing purpose. Casting of the gel was according to the manufacturer's 
instructions. For a 6 % (8 %) gel, 15 ml (20 ml) of 20 % Acrylamide Solution 
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(Section 2.2.1.7.3) and 35 ml (30 ml) of Urea Mix (Section 2.2.1.7.3) were mixed 
with 0.4 ml 10 % ammonium persulphate and 30 jil of N，N，N，，N，-
Tetramethylethylethylenediamine (TEMED, Sigma) according to Maniatis et al 
(1982). After the gel was polymerized, the gel was pre-run for at least 30 minutes at 
either 42 W constant power or 2200 V constant voltage. The samples were first heated 
at 75-80°C for 2 minutes and then loaded into corresponding wells. The gel was run at 
either 42 W constant power or 2200 V constant voltage. When electrophoresis was 
finished, the gel was dissembled, lifted on 3 mm paper (Whatman) and dried at 80®C 
under vacuum for 2 hours using a gel dryer ^Bio-Rad). The gel was then exposed to a 
X-Omat film ovemight ^Codak). 
2.2.2.8 Total RNA Extraction 
Five adult common carp (80 to 120 g) obtained from the market, were 
administered intraperitoneally with CdCl2 in the following dosage: day 1, 0.6 mg/kg; 
day2, 0.8mg/kg; day 3, 1.2 mg/kg; day 4，2.0 mg/kg. The increasing dosage of Cd was 
used to maintain a high level ofMT expression. The five fish were then sacrified at 
day 5 and the liver tissues were freshly removed and immersed in liquid nitrogen. 
Total RNA from liver was then prepared by using TRI™ Reagent OVlolecular 
Research Center. Inc). Each gram of liver tissue was homogenized in 1 ml of TRI 
Regent® by using a Hand held polytron homogenizer until a uniform suspension was 
obtained. The homogenate was stored for 5 minutes at room temperature. Then, the 
homogenate was mixed with 0.1ml bromochloropropane for phase separation. The 
resulting mixture was stored at ice bath for 15 minutes and centrifuged at 12,000g for 
15 minutes at 4T. After centrifugation, RNA remained exclusively in the aqueous 
CHAPTER 2 PCR CLOMNG OF COMMON CARP MT GENE 52 
phase，DNA in the interphase, and proteins remained in the organic phase. The 
aqueous phase was transferred into a new eppendorf and mixed with 0.5ml 
isopropanol. The sample was stored at -80®C ovemight. Afterward, the sample was 
centrifuged at 12,000g for 15 minutes at 4。C. RNA precipitate formed a gel-like pellet 
at the bottom of the eppendorf. The supernatant was removed and RNA pellet was 
washed with 1ml 75% ethanol RNA precipitate formed a gel-like pellet at the bottom 
ofthe eppendorf. The supematant was removed and RNA pellet was washed with 1ml 
75% ethanol by vortexing with subsequent centrifugation at 12,000g for 5 minutes at 
4®C. RNA pellet was dried under vacuum for 10 minutes and resuspended in 50jil of 
0.5% SDS for 15 minutes at 60°C. After RNA solubilization, the quantities of the 
total RNA samples were determined by the ratio ofO.D.26o to O.D.28o The total RNA 
samples were ready for agarose gel electrophoresis. 
2.2.2.9 PolyA RNA Extraction 
The mRNA was isolated by using FastTrack ® 2.0 Kit (bivitrogen) and 0.4-0.6mg 
total RNA was used in each mRNA isolation. The total RNA was ethanol 
precipitated, washed with 80% ethanol and was resuspended in lOO i^l Elution Buffer 
1. 10 ml FastTrack ® 2.0 Lysis Buffer was added to the RNA solution. The mixture 
was then heated to 65。C for 5 minutes and immediately placed on ice for exactly 1 
minute. After placing the tube at room temperature, 650^il 5M NaCl was added and 
the tube was mixed by gentle inversion. A vial of oligo(dT) cellulose was added into 
the mixture and the tube was sealed to allow the oligo(dT) cellulose to swell for 2 
minutes. Afterwards, the tube was rocked gently at room temperature for 60 minutes. 
The cellulose was then pelleted by centrifuging at 3000 x g for 5 minutes at room 
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temperature. The supematant was removed and the pellet was resuspended in 20 ml 
Binding Buffer. The mixture was then centrifuging at 3000 x g for 5 minutes and the 
supematant was removed. The pellet was resuspended in 10 ml Binding Buffer 
centrifuging at 3000 x g for 5 minutes. Next, SDS and contaminating RNA were 
removed by washing the pellet in 10 ml Low Salt Wash Buffer and centrifuging at 
3000 X g for 5 minutes. The washing was repeated for 4 times. After the last wash, the 
cellulose was resuspended in 800 |il Low Salt Wash Buffer. The cellulose was then 
transferred into a spin-column and the mixture was centrifuging at 5000 x g for 10 
seconds at room temperature. Next, the column was removed from the 
microcentrifuge tube and the liquid inside the tube was decanted. The transfer was 
repeated until all the mixture was transferred to the spin column. Afterwards, the spin-
column was placed back into the tube, 500 |il Low Salt Wash Buffer was added and 
the buffer was mixed into the cellulose bed with a sterile pipette tip and centrifuged 
for 10 seconds. The washing was repeated until the OD260 ofthe 'tlow-through" is < 
0.05. Then, the spin-column was placed into a new microcentrifuge tube. 200 ^1 
Elution Buffer was added and the buffer was mixed into the cellulose bed with a 
sterile pipette tip. The mixture was then centrifuged for 30 seconds. A second 200 \i\ 
Elution Buffer was added to the column, mixed and the centrifuged again for 30 
seconds. The mRNA was then precipitated with 0.15 volume of 2 M sodium acetate 
and 2.5 volume of 100% ethanol and the mRNA was frozen on dry ice until solid. The 
sample was then thawed and centrifuged briefly to remove traces of ethanol. The 
mRNA pellet was then resuspended in 20-50 ^1 ofElution Buffer 2. 
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2.2.2.10 Analysis of the Transcription Start Site 
The primer (lOpmol) was 5’ end-labeled by incubating the primer in the 
mixture containing T4 polynucleotide kinase ^»NK), T4 PNK buffer and [y-^^ ATP 
at 37°C for 30 minutes. The primer was then heated to 90X for 2 minutes to 
inactivate the T4 PNK. 1 陥 mRNA (5^il) was added to 1 ^1 (lpmol) ^^P-labeled 
Primer and 5ul AMV Primer Extension 2X Buffer. The primer was annealed to 
mRNA by heating at 58。C for 20 minutes, 40 minutes, and 60 minutes. The tubes 
were then kept at room temperature for 10 minutes. Sodium pyrophosphate and AMV 
RT were added to the mixture. The mixture was then incubated at 42°C for 30 
minutes. Next, 20 ^il Loading Dye was added to the mixture. The tube was then 
heated at 90°C for 10 minutes and the samples were loaded directly onto a 6% 
polyacrylamide gel. 
、 
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2.3 Results 
2.3.1 PCR Cloning ofthe MT Gene 
The PCR product generated (Section 2.2.2.1) was analyzed on a 1% agarose 
gel (Section 2.2.2.2) and was found to be l. lkb (Figure 2.6.). This l. lkb DNA was 
purified (Section 2.2.2.3) and was cloned into the pCRII vector (Section 2.2.2.4). The 
vector was then transformed into the competent cells (Section 2.2.2.5) and the 
plasmid DNA was prepared (Section 2.2.2.6). The sequence of this l. lkb insert was 
then obtained (Section 2.2.2.7) using the sequencing strategy OFigure 2.7). The 
sequence obtained was shown in Figure 2.9. 
^ ^ ^ ^ 1 
k b p H ^ ^ | 
m^^m 
A 1 ter^^^^^^| 
*"T« X __,». F^ 7f!f!7!r^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ | 
3.1 E S ^ ^ ^ ^ ^ I Lane 1: l k b marker (Gibco) 
2.0 — P | > ^ ^ ^ H Lane2: MTG5' + MTP3 
1.6 ^ ^ ^ ^ ^ ^ ^ H Lane 3: negative control 
1 Q ^ l . l k b 
0.5 — P ^ ^ ^ H 
Figure 2,6PCR Cloning ofCommon Carp MT. Only Primers but no templates were 
added in the negative control tube. 
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EcoRl BamHI intron + M T P 3 
MTGS, MTRP2 MTR/ \ MTS 
+ <- •> f \ <-
5’ I V ^ — H M i — — ， 
< - < - 3 
ST1 STI1 
I n III 
Exon 
Figure 2.7Sequence Strategy of MT Gene The primer chosen for sequencing was 
indicated as an arrow, including MTG5', MTP3', MTRP2, MTR, MTS and the primer 
ofthe pCRII vector，Reverse and Forward (not shown). 
2.3.2 Identification of the Transcriptional Start Site 
In order to determine the transcription start site，the RNA of fish injected with 
cadmium before was obtained (Section 2.2.2.8) and the purified messenger RNA 
(Section 2.2.2.9) was used to perform the primer extension assay (Section 2.2.2.10) 
using the primer STI and STII (Figure 2.7). 
STI T C G A ^ ^ 
C G 
j j ^ ^ ^ li 
^ ¾ ! ^ ¾ ¾ ! : ¾ c G 
' ^ E ^ ' '" A T 
G C 
G C 
STI: 5，TCTTGGCGCAATCGCAAGGATCCAT 3， 
Figure 2.8 Transcriptional Start Site 
CHAPTER 2 PCR CLONEVG OF COMMON CARP MT GENE 57 
Hlndlll MREd> MREe< 
- 5 3 6 5 ‘ AAGCTTTCAAAAATTCTAAATTTGCTCCGGCGAAGC 
—500 TCTTCTAAAGACGAGCCTCGATGGGCTTTATCTGGCTTAAATTATAAATT 
- 4 5 0 ATTTATGCTTAAATACGTGTTTATTTTAATATTTAGTAGGGTGGTATCAC 
- 4 0 0 GTTGCCTTCTTACAACAATCTAACCATTTAAGAAGCTCAAAGGCTGATTA 
- 3 5 0 AGTATGACAAAGTATGTTATGTTTCTTAGTTCTTTGATTCTTTATAGTTA 
- 3 0 0 TAACAAAATAGCTTATTAAAAAGAATATCTTTCGCTCCCCAAAAAGAAAA 
EcoRI 
- 2 5 0 TAACATACAAAAAACATTGAATTCTCTAATCACATAAACGTTTCGCAATC 
S p l 
- 2 0 0 AATATTCAG^HBGAGTGGAAATGATAGTTATATAATAGTGTAAAACC 
_ 15 0 AACATTGATGTGAATCAGGGTGGGATTGGAGATTCCTGATTGTTTGATAG 
MREa> <AP1 <MREb S p l 
- 1 0 0 TTTGCACCCGGTTTCATTM3MGTCACCGTGTGCG^^^B^CGGGCT 
MREc> TATA b o x 
- 5 0 TTCCCCTCGCCCTGTGTGCAGTCAGGGCTGjgj3g0AACCAGGGGCAGGAT 
1 CAGTCCTCTGGTATCTTCCCCATCAAGCATTCACAAATCGAGTGAAGCGA 
BamHl 
5 1 GACTTTTAAGGGACTTCGGACTCTTGAGGAAAAl^mBHBHHi 
M D P C D C 
101 j ^ ^ ^ ^ ^ g t a a g t g t t t t a g a t g c t g c t g a t t t t a c g t g a t g a g t t t a g 
A K 
1 5 1 tttttgtactaggaaatccagtcacttatagaagtgtcaatgtccctgca 
201 Q f e g a ^ ^ a a f l i M a a B g S a ( ^ _ ^ f c j ^ ^ B i ^ ^ ; ^ ^ f e M i i ^ W B M f f i i a W 
T G T C N C G A T C K C T N C Q C 
2 51 Baaggjg3i^QC3ag5SaEaGrtacataaacaa ttaca tcctaa t a t taa tcta 
K T C K K 
3 0 1 Tttaa tcacttaaa tcgggcgactaactaactattgtctctcacacagGC 
S 
351 i fe j fe jya^3; jSi^ j i^^^! i^gi^TGCftGCAftGTQCGCCTCTCGCTCCGt 
C C P C C P S G C S K C R S G C V 
401 EaBSSSftjaao^^j^jK^gP'feOCTCCAGCTGCTggCAGTaabgaggtcaac 
C K G N S C G S S C C Q End 
4 5 1 g t g a t g t t t t g t t a c a a c t c a c c t a t g t g a a c c t g t t c g t c t g t g c t c g c 
5 0 1 g t c t t c g t t t t t g c a t c g c a t g a a t g t a g t c t t t t t a c a a g a t a a t a a a t 
5 5 1 g g c c t c t a g t t c t c a a a t c t g a c t g t t t a a t g t c g c a a a a t c g t t t a a c a 
6 0 1 a a g g c t a a a g g g g g a g a a a a a t g c a c t g a t t t g c a c t g c t a t a a a t a a g a 
6 5 1 c t a t c a c a a t a t g t c t g t t c t t t a t a a a a a g a c a a a t g t a t t t t t t t t t t 
7 0 1 c t g c a a t g t a c t t t g c c t a c M W c g t c a a c g t t a 
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Figure 2,9 Nucleotide Sequence of Common Carp MTG^ Five MREs (a to e), 1 
_ recognition site, 2 • binding sites and the B | j ^ ^05^CT^dg r t | f i ed . 
Restriction sites for HindHI and EcoRI were u n d e r l i n e d . T h e H | H | H H ^ ^ H as 
well as the H B H H H H were highlighted. 
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2.4 Discussion 
2.4.1 PCR Cloning ofthe MT Gene 
Advantage™ genomic PCR kit was chosen to perform that PCR because the 
VentR® present has proof-reading ability. The cloning system chosen for this PCR 
product was the TA Cloning kit as it made use of the common 5，extended A after 
PCR reactions. The sequence shown in figure 2.8 contained both the promoter region 
as well as the protein coding region, indicating that both regions belonged to the same 
gene. This could only partially answer the query of Chan (Chan 1996) that this 
promoter may drive the expression of the MT gene. Thus, fiinctional analysis done in 
Chapter 3 would be needed in order to prove the promoting activity of this promoter. 
2.4.2 Comparison of Common Carp MT Promoter with Other 
Although many MT promoter cis-acting elements are unique to one gene or 
species, the single common motif from invertebrates to vertebrates is the MRE, which 
is always present in multiple copies (Table 2.1). The number ofMRE present in the 
Gene Noof Bipartite” Other factors 
MRE structure? 
ccMT 5 V ^ 1 , 1AP1 — 
Trout MTA “ 6 ] lGRE, 4AP1 (ARE),腳孔6， 
Trout MTB — 4 V lNF-n.6, lARE 
ToachMT - 7 ~ TAP1 
T[keMT 4 V l A R E — 
HumanMTIIa 4 X 2BLE, lGRE, lNF-n.6 
HumanMTIG 6 X 3Spl 
Mouse M T - I 一 6 X 2Spl, lMLTF (ARE) 
^ t MT-I | 6 | x | l S p l , l A P l I 
Table 2.1 Comparison ofMT Pramoiers Shamng Therir Numbers ofRegulatory 
Cis-acting Elements in Proximal Region (1000bp), 
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MT promoter is not definite and there are no trends to trace. What can be concluded is 
that there are multiple MRE existing in the MT promoters. The reason of the 
existence ofmultiple MRE and the action played by different MRE will be discussed 
in Chapter3. 
Although the number ofMRE present in MT promoters varies, all identified 
teleost MT promoters, including the one ofcommon carp, have bipartite structure of 
MRE. This may due to this bipartite structure facilitating the best conformation of 
DNA for the binding ofthe trans-acting proteins. In addition, it is found that the most 
proximal and the second proximal MRE ofal l identified teleost MT promoters are in 
opposite orientation. The significance of this arrangement needs further 
characterization. 
Furthermore, when the promoter sequences of common carp and stone loach 
were aligned ^^igure 2.10), the upstream sequences are homologous, both in sequence 
identity and the organization ofregulatory elements. It is not surprising as these two 
fish belongs to the same family, the cyprinane family. However, Spl site cannot be 
found in any published fish MT genes and common carp is the first species reported 









Figure 2.10 Alignment of5，Upstream Region ofCommon Carp and Stone Loach, 
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Comparing other cis-acting elements, common carp MT has 1 API site but no 
antioxidant responsive element (ARE) whose consensus sequence is 
"TGACNNNGC". ARE is present in many MT promoters, including pike MT, 
rainbow trout MT-A (overlapping with the 4 API sites) and MT-B, and the mouse 
MT-I (overlapping with the MLTF) and is believed to be responsive to oxidative 
stress. The responsiveness of the common carp MT promoter to different agents will 
be discussed in chapter 3. 
2.4.3 Identification of the Transcriptional Start Site 
Gene Length of 5，Untranslated Region 
ccMT — ^ 
^rout MTA 82 
^rout MTB 69 
Toach MT 一 83 
^ ike MT 83 
Table 2.2 Comparison of Fish MT Promoters Showing Their Length of 5, 
Untranslated Region. 
When comparing the 5' untranslated region QJTK) of all known fish MT 
genes, the length of common carp MT gene was same as loach and pike MT, 83 bp 
and only 1 bp more than that oftrout MTA. Nevertheless，the 5'UTR of trout MTB 
was different from other fish MTs. In the start site experiment, cadmium was injected 
into the common carp as it highly increased the MT mRNA production. It is 
interesting to observe that on one hand, cadmium increases MT mRNA transcription 
much more than zinc. On the other hand, zinc drives the induction level of the 
promoter in a much higher extent than cadmium which will be further discussed in 
chapter 3. 
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2.5 Conclusion 
The promoter region and the protein coding region belonged to the same gene. 
Like other teleost, the promoter region of common carp MT gene has a bipartite 
structure of MRE. There were 5 potential MRE, 2 Spl and 1 API sites in the 
promoter region but not any ARE, which was common in many MT promoters and 
was function in oxidative stress response. Whether these potential cis-acting elements 
were functional and the response of these elements to different inducers would be 
discussed in chapter 3. The length of 5'UTR of carp MT was same as that of loach 
and pike MT. 
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CHAPTER 3. FUNCTIONAL ASSAY OF COMMON CARP M T PROMOTER 
3.1 Introduction 
3.1.1 Fish MT Promoters 
The MT genomic loci in fishes have been cloned from rainbow trout, 
stone loach, and pike, and the promoter regions have been analyzed (Figure 3.1) and 
they all shown to contain both proximally and distally located MREs. Comparison of 
the 5' flanking region and the putative responsive elements contained therein have 
shown that the stone loach and rainbow trout promoter regions are very similar, 
whereas the promoter region of the pike contained fewer identifiable MREs and a 
mutated TATA box. The regulatory function of the 5' flanking region of the rainbow 
trout MT-A and MT-B, the stone loach MT as well as the pike MT, were studied in 
vitro using transfection experiments. 
For examples, deletion mutants of rainbow trout MT-A gene were linked to a 
luciferase gene and transferred into RTH-149 cells using calcium phosphate 
precipitation method. The relative luciferase activities were measured. Basal levels in 
these deletion constructs were detected. However, an intact distal MRE cluster, 
containing all the 6 MREs, was required for maximum metal inducibility, for both Zn 
& Cu. The successive deletions of the regions containing the distal clusters of MREs 
from 6 MREs to 4 MREs and fmally to 2 MREs, resulted in lowered metal-induced 
luciferase activity, indicating that all three pairs of MREs were fiinctional. Treatment 
ofRTH-149 cells transfected with pMT-1042 plasmid containing the 4 API sites and 
1 interleukin-6 binding site with hydrogen peroxide resulted in nearly 5 times 
induction above the basal level. Deletion of these sites, in pMT-793 resulted in 
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complete loss of the free radical inducibility, indicating that these sites were 
responsive for free radical. Nevertheless, treatment with hydrocortisone did not result 
in an increase ofluciferase activity (Olsson, et aL，1995). 
Hy-m—m^^ - .——k - ^ - ^ ， = • 
-1000 ^00 -100 ^ tnmtMTA 
I . 一 j rainbow 
.250 -100 +1 trout MTB 
H ~ ——.!:-.H,:..,^;;,^ 1 令:一:.和 stone loach 
• 0 -400 +1 M T 
^ 
_ | _ 截 r； * + ~ 1 ^ P^® 
-900 ^00 -100 +1 M T 
八 r>-
• MRE • GRE I Gene 
TTATABox ^ ^ 
^ 从1 U NF-IL6 
Figure 3.1 Fish MT Gene Promoters API: Activator protein 1; MRE: Metal 
Responsive Element; NF-EL: Interleukin 6; Spl: Specific protein 1. (Kille, et al., 
1993; Olsson, etal., 1995; Zafamllah, etal., 1988) 
Similarly, deletion mutants were tested for the stone loach MT promoter. With 
all MRE containing (7 MREs) constructs, it was observed that Zn was the best 
inducer, with nearly 30 folds at most，following by Cd, with 7 folds at most, while Cu 
was a poor inducer, with only 5 folds. All seven MREs are needed for maximal 
inducibility of the stone loach MT gene (Olsson and Kille, 1997). 
CHAPTER 3. FUNCTIONAL ASSAY OF COMMON CARP M T PROMOTER 65 
r ^ 
-~0~~S#——©#"“^0^~~m~"^？ [m^^S: // _ ~ m ^ ~ ~ pMT -1042 
.1000 ^00 -100 ^ 
^ — • ^ [mr~，// » - - » ^ ~ pMT -793 
-793 ^00 -100 +二 
- | - ^ » - » - ^ H « ^ - « ^ ~ pMT -608 
^08 -100 ^ 
一 _ * ^ ! L pMT-159 
A -159 
• “ MRE • GRE [ ^ Ludferase 
⑩ Ap l 〇 NF-IL6 Sene T TATA 
15 
^ I HH control 
• I I I • Zn2+ 
2 1 ^ 圖 圖 
S I I • Cu2+ 
«M _ _ 
I, L I i -
I 5 _ 【 _ 舊 X • hydro-
I 1 ^ J r j l 1 ^ c — o^ iJL^ JbJ 
pMT pMT pMT pMT 
B -1042 -793 -608 -159 
plasmid 
Figure 3.2 Functional Analysis of 5-Deletion Mutants of rt MT-A Gene in RTH-
149 Cells Luciferase activity is given as relative luminescence standardized for 
transfection efficiency by measurement of p-galactosidase activity. The activity of 
pMT-159 without any induction was arbitrary set to 1.0 and all the other activities 
were adjusted accordingly. The concentration of tested materials is: Zn (150^iM); Cu 
(100 U^VO; hydrogen peroxide (100 \M); hydrocortisone (10 [M) (Olsson, et al, 
1995) 
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On the other hand, deletion mutants of pike MT promoter were also studied 
and the effect of metals was similar. Zn exposure to cells having mutant containing 
the four MREs resulted in 20-fold induction, while Cd and Cu exposure resulted in 10 
and 4 fold respectively. Mutants with only the two proximal MREs resulted in both 
the Zn and Cd induction greatly diminished, but the induction by Cu was only slightly 
impaired (Olsson and Kille, 1997). 
To prove the promoter activity of the common carp MT promoter we obtained 
and the function of putative MREs, the promoter was subcloned into a promoterless 
reporter vector, the pEGFP-1 (Clontech) and deletion mutants of this promoter were 
generated. These constructs were then tested in the primary culture of common carp 
hepatocytes. Thus, before studying these constructs, the hepatocytes were isolated and 
conditions of transfection were optimized. Afterwards, effects of different metals, 
lipopolysaccharide O^PS) and hydrogen peroxide ¢1=02) were also studied. 
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Figure 3.3 Schematic Diagram ofpEGFP-1 Vector Purchased from Clontech 
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3.2 Materials and Methods 
3.2.1 Materials 
3.2.1.2 Micro Bio-Spin Chromatography (Bio-Rad) 
Gd Matrix: Bio-Gel P-6 polyacrylamide gel suspended in 1.0ml ofbufFer 
Tris Buffer : lOmM Tris-HCl, pH 7.4, 0.02% sodium azid 
3.2.1.3 Construction ofDeletion Mutants 
EXO/MUNG system (Stratagene) 
10X Mung Bean Buffer: 300 mM NaAC, pH 5.0, 500 mM NaCl, 10 mM ZnCl2,50% 
Glycerol 
IX Mung Bean Dilution Buffer: 10 mM NaAC, pH 5.0, O.lmM ZnAC, 1 mM 
Cysteine,0.1% Triton X-100, 50% Glycerol 
2X Exoin Buffer: 100 mM Tris-HCl, pH 8.0, 10 mM MgCl22O ^g/ml tRNA 
Primers: 
pEGFP5' 5, CGCTACCGGACTCAGAT 3, 
pEGFP3' 5 ’ CCATGGTGGCGACCGGT 3， 
cpEGFP5' 5 ’ ATTACCGCCATGCATTAG 3, 
cpEGFP3' 5, GCCACTTGTCGAGGAGCG 3， 
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3.2.1.4 Isolation ofHepatocytes 
Hank's Balanced Salt Buffer (HBSB): 5mM KC1, 0.44mM KH2PO4,140mM NaCl, 
4.4mM N a H C O 3 , 0.34mM Na2HPO4.2H2O, 5.5mM D-glucose 
Collagenase type TV (Gibco BRL) 
Wash BufTer: 8.55ml HBSB(Ca free), 0.5ml Pen-G (lOOOOU/ul)/Strep-
SO4(lOOOOug/ul)/Fungizone(25ug/ml), 0.95ml Fungizone (250ug/ml) 
M199 medium for extraction: 2X M199 medium made into IX (Gibco BRL), 4.2 
mM NaHCO3,625 mU penicillin, 6.25 i^g streptomycin, 75mg gentamycin sulfate 
M199 medium for culture: 2X M199 medium made into IX (Gibco BRL), 15mM 
Hepes,15mM TES,i2mMNaHCO3625 mU penicillin, 6.25 i^g streptomycin, 75mg 
gentamycin sulfate 
0.2% trypan blue solution 
3.2.1.5 Determination ofLC50Values for Common Carp Hepatocytes 
Phosphate BufTered Saline (PBS): 137mM NaCl, 2.7 mM KC1, 4.3 mM Na2HPO4 
•7H2O, 1.4 mM KH2PO4 
Crystal Violet 0.5% in PBS 
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Formyl Saline: 5% Formadehyde in PBS 
Acetic alcohol: 1% glacial acetic acid in 50% alcohol 
3.2.1.6 Transfection by LipofectAMINE™ (Gibco) 
Solution A: 6 i^g DNA (3 x^g target DNA + 3 i^g p_gal), 0.6 ml serum free M199 
Solution B: 36 ^il LipofectAMME™, 0.6 ml serum free M199 
3.2.1.9 Determination of the Amount ofProtein by BCA Protein Assay 
5X Reporter Lysis Buffer (Promega) 
BCA Protein Assay Kit (Pierce) 
BCA Assay Reagent A; Sodium Carbonate, Sodium Bicarbonate, Bicinchoninic 
Acid, Sodium Tartrate, 0.2N Sodium Hydroxide 
BCA Assay Reagent B: 4% Cupric Sulfate 
3.2.1.10 P-galactosidase Analysis 
100X Mg Solution: O.lM MgCl2,4.5M P-mercaptoethanol 
IX ONPG (o-nitrophenyl-P-D-galactopyranoside): 4mg/ml ONPG dissolved in 
0. l M sodium phosphate 
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0.1 M Sodium Phosphate, pH 7.5: 41 ml 0.2M Na2HPO4 • 2H2O, 9 ml 0.2M 
NaH2PO4 • 2H2O 
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3.2.2 Methods 
3.2.2.1 Subcloning of 5，Flanking Region of Common Carp MT Gene into 
Reporter Gene 
The common carp MT gene promoter in pCRII vector was released from 
digestion with BamHl and XhoI by incubating the plasmid DNA with the enzymes at 
37"C for 4 hours. After excision made from agarose gel and gene clean (Section 
2.2.3)，the fragment of DNA was subcloned into pEGFP-1 vector using these two 
restriction enzyme sites and the resulting construct was named as cMTEGFP. In 
addition, the carp MT gene promoter in pCRII vector was digested with EcoRI and 
the 300bp band, containing the three proximal MREs, the 2 Spl sites and 1 API 
binding site，was subcloned into the pEGFP-1 vector using this EcoRI site. 
3.2.2.2 Micro Bio-Spin Chromatography (Bio-rad) 
The Bio-Gel P-6 polyacrylamide gel micro spin column (Bio-Rad) was used to 
remove change the buffer or to remove the unincorporated a-^^P-dCTP or y-^^-P-ATP 
from radio-labeled target DNA or oligonucleotides, respectively. The column was 
inverted sharply several times to resuspend the settled gel and remove bubbles. The 
drained buffer was discarded and any remaining packing buffer was removed by 
centrifuging the column for 2 minutes at 1000 x g in a microcentrifuge. The sample 
was then carefully added directly to the centre of the column and centriftiged for 4 
minutes at 1000 x g. 
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3.2.2.3 Creating Deletion Mutants 
Deletion mutants were created by using EXOMUNG system (Stratagene). 
DNA (500 i^g) of cMTEGFP was digested with XhoI. Then, enzyme digestion was 
stopped by heating at 75。C for 15 minutes. Fill-in reaction was done by incubating the 
digest with 2^il of lmM thio-dNTP and 5 U Klenow polymerase at room temperature 
for 30 minutes. The buffer was then changed by Micro Bio-Spin Chromatography 
(Section 3.2.2.2). Then，fill-in was checked by incubating l^ig DNA with 20U 
Exonuclease III for 15 minutes at 37。C and run on an agarose gel to check for 
deletions (Section 2.2.2). When fill-in was proved to be successful, the second 
digestion was performed using HindIII. The buffer was then also changed by Micro 
Bio-Spin Chromatography (Section 3.2.2.2) Afterwards, each tube containing 5 i^g 
double-digested DNA, Exo buffer, fresh 100mM p-mercaptoethanol, Exonuclease II I 
and total 25 ^il water was set at difficult time-point: 30”，45”，1，，1，15”，1'30", 2，，3，. 
After the desired time intervals, 175 i^l diluted Mung Bean nuclease buffer was added 
and the tubes were heated at 68°C for 15 minutes to stop the activity ofExonuclease 
III. Then，15U Mung Bean nuclease was added and the tubes were incubated for 30 
minutes at 30。C. 
3.2.2.4 Isolation of Hepatocytes 
The common carp was killed by a blow on head. Then the fish abdominal 
surface was rinsed with 75% ethanol. The fish cavity was opened and the liver tissues 
were carefully removed with sterile forceps. Afterwards, the liver tissues were placed 
into 10ml Wash Buffer for 15-20 min. Then, the liver tissues were washed in 40 ml 
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Ca 2+ free HBSB in a 50ml sterile Falcon tube and non-liver tissues were removed 
with sterile pasteur pipette. The washing was repeated 3 times. Later, the liver tissues 
were placed into Falcon tube having 10-15 ml collagenase solution (in HBSB) and the 
tube was incubated at 23。C incubator for 2 hours, with occasionally shaking. After the 
incubation, the tissues were repeatedly pipetted with a pasteur pipette to assist cell 
separation and dispersal. The tube was centrifuged at 1000 rpm for 2 min. The 
supernatant was then discarded and the cells were washed in 30-40 ml M199 medium. 
The centrifugation and washing were repeated for 3 times until the supematant 
became clear. The cell pellet was further dispersed in M199 medium. 
The concentration and viability of cells were determined with trypan blue 
staining exclusion test & haemocytometer in which lO^il cell was mixed with lO^U 
trypan blue and the mixtures were put into the haemocytometer. The cell was counted 
using a formula assuming that the number of viable cell per ml equaled to number of 
non-stained cells in the 25 wells X 2 X 1 X 10^  .The cell was then diluted in a desired 
concentration (4 X lO^cells / ml) in M199 medium and the cell suspension was placed 
onto a 75cm^ culture flask. The cells were then cultured in 23°C incubator overnight. 
3.2.2.5 Determination ofLC50 Values for Common Carp Hepatocytes 
Since the cytotoxicities ofmetals to the hepatocytes of common carp were not 
known, LC50 was determined by using crystal violet method. Cells were isolated as 
described (Section 3.2.2.4). After growing ovemight in the 23。C incubator，the 
medium was removed and different concentrations of metals (zinc, cadmium，copper, 
mercury, nickel, cobalt and lead) in fresh media were added. Cells were then seeded 
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into 96 well plate. After 96 hours incubation, the plates were centrifuged at 2000 rpm 
for 10 minutes. Medium was then removed and PBS was added to wash the cells. 
Formyl saline was added to fix the cells for five minutes and crystal violet was added 
to stain the cells for ten minutes. Water was then added to wash the cells and acetic 
alcohol was used to extract the dye from the cell. The absorbance was measured at 
595nm by using the microplate reader (Bio-Rad) and the percentage cytotoxicites 
were calculated by the equation: 
% cytotoxicity = (mean absorbance of control - mean absorbance of sample) / (mean 
absorbance of control) *100 
3.2.2.6 Transfection with LipofectAMEVE™ (Gibco BRL) 
Solution A and B were prepared, mixed and incubated at RT for 30 min. The 
cells grown ovemight in culture flasks were dispersed and put into a 50ml Falcon 
tube. The tube was then centrifuged at 1000 rpm for 5 min and the medium was 
removed. The cell pellet was washed with 10 ml serum and antibiotic free M199 
medium. After centrifugation, the cell pellet was resuspended in 6ml serum and 
antibiotic free M199 medium and added to the 90mm dish. Then, the mixture of 
solution A & B was diluted to 6ml with serum and antibiotic free M199 medium and 
was overlaid onto the dish. After incubation for 2-24 hr, the cells were dispersed and 
centrifuged at 1000 rpm for 2'. The cell pellet was then washed with 10 ml serum free 
M199. Afterwards, the cell was resuspended in 30ml ofM199 with serum plus the test 
metal. Each two ml ofcells was then seeded onto a well of the 24 well plate. The cells 
were then incubated for 48 hr. 
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3.2.2.7 Optimization ofIncubation Time ofCells with LipofectAMBVE^^ 
The transfection efficiency as affected by incubation time of 
DNA/LipofectAMDsfE^^ mixture with the cells in serum and antibiotic free medium 
was determined by performing twelve sets of transfection with different incubation 
time points, from 2 to 24 hr, at 2 hr intervals. After the corresponding incubation time, 
the cells were washed and incubated in serum supplemented M199 for 48 hr (as in 
Section 3.2.2.6). The cell viability was also determined by trypan blue exclusion test 
(as in Section 3.2.2.4). 
3.2.2.8 Optimization ofAmount ofDNA for Transfection 
The optimal DNA/LipofectAME^^E™ ratio was determined by performing 6 
sets of transfection at varying DNA concentrations, from 0 to 10 \ig, with the 
lipofectamine concentration remained constant. After 6 hours incubation of 
DNA/LipofectAMmE™ with the cells, the cells were washed, and incubated in 
serum supplemented M199 medium for 48 hr (as in Section 3.2.2.6). 
3.2.2.9 Determination ofProtein Concentration 
BCA Protein Assay (Pierce) was used to determined protein concentratioon in 
cultured cells. The 96 well plates were centrifuged at 2000rpm for 10 minutes. The 
medium was then removed. The cells were washed with lXPBS twice. IX lysis buffer 
was then added. Afterwards, lO^il of each sample was pipetted into the appropriate 
well of a 96 well plate. BCA working reagents (200 .^1) containing 1 part of BCA 
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reagent B in 50 parts ofBCA reagent A, were added to each well. The samples were 
then mixed well by placing the plates on a plate shaker for 30s. After incubating them 
at 37°C for 30 minutes, the plates were cooled to room temp and absorbance was read 
at 540nm by using microplate reader (Bio-Rad). 
3.2.2.10 Analysis of ^-galactosidase levels 
Protein (50 路）in cell extract, l^il of 100X Mg solution, 22^il of IX ONPG & 
67^il ofO.lM Sodium Phosphate were added into appropriate well of the 96 well plate 
and mixed. The plates were then incubated at 3TC for 30 minutes. The reaction was 
stopped by adding 150 i^l of l M Sodium carbonate. Absorbance (415nm) was then 
read by using Bio-Rad 3550 Microplate reader. 
3.2.2.11 Fluorescence Measurement 
Cell extract (equivalent to 50 ng of protein) of each sample was added to 
appropriate wells ofthe 96 well plate. Fluorescence was then measured by using the 
CytoFluorTM 2350 Fluorescence measurement system (Millipore) at excitation 
wavelength of 485nm and emission wavelength of 530nm. 
3.2.2.12 Dose-Response Curve ofDifferent Metals on Transfected Cells 
In order to determine the concentration chosen for the study of fold induction, 
the dose response of different metals including zinc, cadmium, copper, mercury, 
nickel, cobalt and lead as well as LPS to the hepatocytes were determined. 
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Hepatocytes isolated and grown ovemight were transfected with 3 |ig of DNA of 
pCMVP-gal vector and 3 i^g DNA of Clone -536 or the pEGFP-1 vector and 36 ^il 
LipofectAMCvE^^ for 6 hours. After washing, medium supplemented with serum 
having different concentration ofZinc (1/10 LC, % LC and % LC) were added to the 
cells for different time (6, 12, 18, 24，30，36，42, 48 and 54 hours). The fluorescence 
and the activity of P-galactosidase of equal amount of protein obtained from the cell 
extracts were measured. The fold induction was calculated by dividing the normalized 
fluorescence of the clone -536 to that ofthe pEGFP-1 vector. 
3.2.2.13 Fold-Induction ofDifferent MetaIs, LPS and H2O2 
After isolation and transfection, the fold induction was then measured after 48 
hours incubation. Hepatocytes isolated and grown ovemight were transfected with 3 
^g ofDNA of pCMVP-gal vector and 3 i^g target DNA (Clone -536, ccMT-230F, 
ccMT-230R, ccMT-144, ccMT-78, ccMT-46, ccMT-22, or the pEGFP-1 vector) and 
36 ^il LipofectAMENfE™ for 6 hours. After washing, medium supplemented with 
serum containing different metals (zinc, cadmiun, copper, mercury, lead, nickel, and 
cobalt) at concentration of 1/10 LC50, 10 ^ig/ml LPS or 100 ^ M H2O2 were added to 
cells separately for 48 hours. The fluorescence and the activity of p-galactosidase of 
equal amount of protein obtained from the cell extracts were measured. The fold 
induction was calculated by dividing the normalized fluorescence of the target DNA 
to that ofthe pEGFP-1 vector. 
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3.3. Result 
3.3.1 Deletion Mutants 
The deletion mutants were then analyzed by performing a PCR using 
pEGFP5' and pEGFP3' primers (Figure 3.4). Desirable clones were then analyzed by 
DNA sequencing using cpEGFP5' and cpEGFP3' primers.7 clones (Figure 3.5) were 
chosen to perform the functional assay. 
1 2 3 4 5 6 7 
l ^ ^ r l l ^ ^ $ ^ ^ ^ ^ ^ ^ ^ M Lane 1: 50bp marker 
^ ^ ^ ^ B i ^ ^ ^ ^ ^ ^ a Lane 2: PCR product ofccMT-536 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H Lane 3: PCR product of ccMT-230F 
^ ^ ^ P ^ p ^ £ ' ^ ^ ^ H Lane 4: PCR product ofccMT-144 
^0 B f , | ^ ^ t ^ ^ n l Lane 5: PCR product ofccMT-78 
200 ) |^^TC|i|||'iI ii | j ^ ^ ^ ^ ^ ^ ^ B Lane 6: PCR product of ccMT-46 
150 ~ ~ • f& - : : ^ ^ ^ ' ; ^ ^ t M i m B Lane 7: PCR product ofccMT-22 
100 ^^^^纖徵;瑰纖^^^81^^| 
50 ^ ^ ^ ^ ^ ^ 9 ^ ^ | 
Figure 3.4 PCR Analysis of Desirable Clones PCR was performed as in section 
2.2.2.1 by using the primers pEGFP5' and pEGFP3'. The PCR products were then run 
in a 2% agarose gel. 
The ccMT-536 clone, which was prepared by subcloning of carp MT 
promoter to pEGFP-1 vector using XhoI and BamHI enzymes, contain 2 clusters of 
MREs, with the distal cluster containing 2 MREs and the proximal one containing 3 
MREs plus 2 Spl sites,l API site and a TATA box. Constructs ccMT-230F and 
ccMT-230R are in opposite orientation and were prepared by subcloning of carp MT 
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promoter to pEGFP-1 vector using EcoRI enzyme, without the two distal MREs. 
Deleting the distal Spl binding site resulted in construct ccMT-144. Removing the 
central MRE and the API binding site gave the construct ccMT-78. Further reduction 
of a MRE and the proximal Spl binding site resulted in construct ccMT-46 while 
construct ccMT-22 contained only the TATA box. 
Hind III EcoRl … … 
T ccMT-536 
— • - • I ~ ~ • • • - • • ~ • 1 " ^ 
T ccMT-230F 
~ • • 肅 • 丄 ~ • H ^ 
|T • • • 參 • • , ccMT-230R 
- • _ • - • — • V ^ ccMT-144 
T 
- m m ^ ~ • • H > - ccMT-78 
T 
—Wm h ^ ccMT-46 
T 
• MRE • Spl 1 ^ ccMT-22 
• API ^ pEGFP-1 
TTATABox 
Figure 3.5 The 7 Chosen Clones ofDeletion Mutants Fused to EGFP Reporter 
Gene These clones carry variable cis-acting elements fused to the same reporter gene, 
pEGFP. 
3.3.2 LC50 of Common Carp Hepatocytes 
Common carp was chosen as the in vitro system in this study as a homologous 
system. Before transfection, the LC50 of each metal to the carp hepatocytes needed to 
be determined in order to choose the optimum metal concentration for transfection 
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assay. The LC50 values in their molar concentrations determined were shown in 
Figure 3.6. 
As shown in Figure 3.6, the LC50 values were in the order of Co >Ni> Pb >Zn 
> Cu >Hg >Cd, thus the cytotoxicities were in the order of Cd >Hg> Cu >Zn > Pb 
>Ni >Co. Cd had the lowest LC value indicating that it was the most toxic metal 
among tested. Co had the highest LC value indicating that it was the least toxic one. 
The toxicity of mercury and copper was similar to that of zinc, lead, and nickel. 
Understanding about the toxicities of different metals on the hepatocytes could 
provide a guideline in choosing the optimum concentration ofmetal used. 
3.3.3 Optimization of Transfection 
Before transfection, the optimal time for transfection and the optimal amount 
ofDNA used were tested. Hepatocytes were isolated (Section 3.2.3) and grown at 22 
°C ovemight before transfection was performed. The optimal time for transfection 
was determined to be six hours ^"igure 3.7) while the optimal amount ofDNA used 
was determined to be 6 i^g QFigure 3.8). 
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Figure 3.6 LC50 Values Determined for Common Carp Hepatocytes. Hepatocytes 
isolated and grown ovemight were incubated with different concentration of metal 
ions for 96 hours. The viability was determined by using crystal violet colourmetric 
assay. 
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Optimization of Incubation Time for Transfection 
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Figure 3,7 Optimization of Incubation Time for Transfection, Hepatocytes isolated 
and grown ovemight were treated with 36 …LipofectAMDsE^^ and 6 |ig ofDNA of 
clone -536 for 2, 4, 6，8，10，12, 14, 16, 18，20，22 and 24 hours. The fluorescence 
was measured 48 hours after transfection 0^=3). 
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Optimization of Amount ofDNA for Transfection 
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Figure 3.8 Optimization of Amount of DNA for Transfection. Hepatocytes isolated 
and grown ovemight were treated with 36 |il LipofectAMBSE™ and different amount 
(0，2, 4，6，8 and 10 i^g) ofDNA of clone ccMT-536 for 6 hours. The fluorescence 
was measured 48 hours after transfection 0^^=3). 
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3.3.4 Dose Response Curve 
The dose response of different metals and LPS to the transfected hepatocytes 
were tested ^"igures 3.9 to 3.16) in order to choose the condition for fold induction 
assay. In zinc, nickel, lead, or cobalt treated hepatocytes, the fold induction of all the 
3 concentrations was low at 6 and 12 hours but increased gradually after 18 hours 
incubation (Figure 3.9, 3.13, 3.14 and 3.15). This increase continued up to 48 hours of 
incubation，with the maximum induction at 48 hours, but then dropped suddenly at 54 
hours. The highest fold induction was at 1/10 LC50 concentration. Similarly, in LPS 
treated cells OFigure 3.16)，the fold induction ofall 3 concentration was low at 6 and 
12 hours and increased gradually until 48 hours, reaching its maximum. The 
concentration ofLPS giving the highest fold induction was 10 ^ ig/ml. 
While, in cadmium treated cells ^"igure 3.10), the fold induction of the 3 
concentrations was also low in 6 and 12 hour, and increased starting from 18 hours 
incubation. However, the increase continued until 48 hours in 1/10 LC50 
concentration of cadmium treated cells while the increase stopped after 36 hours for VA 
LC50 concentration of cadmium and after 42 hours for Vi LC50 concentration of 
cadmium. Nevertheless, the concentration giving the maximum induction was at 1/10 
LC50. 
On the other hand, in mercury and copper treated cells (Figure 3.11 and 3.12), 
the fold induction of metal concentration of 1/10 LC50 was also low at 6 and 12 
hours, but increased sharply after 18 hours until 48 hours. However, the one of the V^  
LC50 concentration of copper was steady from 18 hours to 42 hours and then dropped 
at 48 and 54 hours. The cells treated with Vi LC50 concentration of copper or V^  and Vi 
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LC50 concentration of mercury were also reached their maximum at 18 hours and 
dropped gradually after 18 hours incubation. Similarly, the concentration giving the 
maximum induction was at 1/10 LC50. 
Since all metals gave highest induction at 1/10 LC 50 concentration and LPS 
gave maximum induction at 10 |ig/ml, the concentration of metals chosen was 
1/10LC50 and that ofLPS was 10|ig/ml. Similarly, both metals and LPS gave highest 
induction with 48 hours incubation time, thus the post-transfection time chosen was 
48 hours. 
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Dose Response (LPS) 
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Figure 3.9 Dose Response Curve of Zinc treated Hepatocytes, Hepatocytes isolated 
and grown ovemight were transfected with 3 |ig of DNA of pCMVp-gal vector and 
3^g DNA of Clone ccMT-536 or the pEGFP-1 vector and 36 ^1 LipofectAMmE™ 
for 6 hours. After washing，medium supplemented with serum having different 
concentrations of Zinc (1/10，V4 and 1/2 LC50) were added to the cells for different 
time (6, 12, 18，24, 30，36，42，48 and 54 hours). The fluorescence and the activity of 
P-galactosidase of equal amount of protein obtained from the cell extracts were 
measured. The fold induction was calculated by dividing the normalized fluorescence 
ofthe clone -536 to that ofthe pEGFP-1 vector. QSi=3) 
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Figure 3,10 Dose Response Curve of Cadmium treated Hepatocytes Hepatocytes 
isolated and grown overnight were transfected with 3 i^g of DNA of pCMVp-gal 
vector and 3jxg DNA of Clone ccMT-536 or the pEGFP-1 vector and 36 |il 
LipofectAMESfE™ for 6 hours. After washing，medium supplemented with serum 
having different concentrations of Cadmium (1/10, V4 and % LC50) were added to the 
cells for different time (6, 12, 18，24, 30，36，42, 48 and 54 hours). The fluorescence 
and the activity of p-galactosidase of equal amount of protein obtained from the cell 
extracts were measured. The fold induction was calculated by dividing the normalized 
fluorescence of the clone -536 to that ofthe pEGFP-1 vector, ps[=3) 
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Figure 3,11 Dose Response Curve of Copper treated Hepatocytes Hepatocytes 
isolated and grown overnight were transfected with 3 [ig of DNA of pCMVp-gal 
vector and 3 l^g DNA of Clone ccMT-536 or the pEGFP-1 vector and 36 ^il 
LipofectAMn^™ for 6 hours. After washing, medium supplemented with serum 
having different concentrations of Copper (1/10, % and % LC50) were added to the 
cells for different time (6, 12, 18，24, 30, 36，42，48 and 54 hours). The fluorescence 
and the activity of P-galactosidase of equal amount of protein obtained from the celi 
cxtracts wcrc measured. Thc fold induction was calculated by dividing the normalized 
fluorescence of the clone -536 to that of the pEGFP-i vector. pN=3) 
CiiAFiER 3. FUJNCTiOiNAL ASSAY OF COMMON CARP M T PROMOTER 89 
Dose Response (LPS) 
5.0] 
yA —Hg2+1/10LC 
c J r ^ \ — H 》 + 1 / 4 L C 
i J — ^ \ + H p 1 / 2 L C 
I “ / ^ 
0 0 + 1 1 1 1 , , 
0 10 20 30 40 50 60 
Tlme/hr 
Mercury Conc (mM) 
1/10LC50 80MM 
4^ LC 50 200^M 
% LC 50 400 ^M 
figure 3.12 Dose Response Curve of Mercury treated Hepatocytes Hepatocytes 
isolated and grown ovemight were transfected with 3 i^g of DNA of pCMVp-gal 
vector and 3 i^g DNA of Clone ccMT-536 or the pEGFP-1 vector and 36 ^il 
LipofectAMTNE™ for 6 hours. After washing, medium supplemented with serum 
having different concentrations ofMercury (1/10，V* and % LC50) were added to the 
cells for different time (6，12, 18，24，30, 36, 42, 48 and 54 hours). The fluorescence 
and the activity of P-galactosidase of equal amount of protein obtained from the cell 
extracts were measured. The fold induction was calculated by dividing the normalized 
fluorescence ofthe clone -536 to that ofthe pEGFP-1 vector. 0^=3) 
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Figure 3.13 Dose Response Curve ofLead treated Hepatocytes, Hepatocytes isolated 
and grown ovemight were transfected with 3 昭 ofDNA of pCMVP-gal vector and 
TM 
3 i^g DNA ofClone ccMT-536 or the pEGFP-1 vector and 36 ^ll LipofectAMBSTE 
for 6 hours. After washing, medium supplemented with serum having different 
concentrations ofLead (1/10，％ and % LC50) were added to the cells for different 
time (6，12, 18，24，30, 36，42，48 and 54 hours). The fluorescence and the activity of 
P-galactosidase of equal amount of protein obtained from the cell extracts were 
measured. The fold induction was calculated by dividing the normalized fluorescence 
ofthe clone -536 to that ofthe pEGFP-1 vector. 0^=3) 
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Figure 3.14 Dose Response Curve of Nickel treated Hepatocytes Hepatocytes 
isolated and grown ovemight were transfected with 3 昭 of DNA of pCMVP-gal 
vector and 3 i^g DNA of Clone ccMT-536 or the pEGFP-1 vector and 36 \x\ 
LipofectAMESE™ for 6 hours. After washing, medium supplemented with serum 
having different concentrations ofNickel (1/10, % and Vi LC50) were added to the 
cells for different time (6, 12, 18，24, 30, 36, 42, 48 and 54 hours). The fluorescence 
and the activity of P-galactosidase of equal amount of protein obtained from the cell 
extracts were measured. The fold induction was calculated by dividing the normalized 
fluorescence ofthe clone -536 to that of the pEGFP-1 vector. ^SN3) 
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Figure 3,15 Dose Response Curve of Cobalt treated Hepatocytes Hepatocytes 
isolated and grown ovemight were transfected with 3 |ig of DNA of pCMVP-gal 
vector and 3 i^g DNA of Clone ccMT-536 or the pEGFP-1 vector and 36 ^il 
LipofectAMME™ for 6 hours. After washing, medium supplemented with serum 
having different concentrations of Cobalt (1/10，V4 and V2 LC50) were added to the 
cells for different time (6，12, 18，24, 30, 36, 42，48 and 54 hours). The fluorescence 
and the activity of P-galactosidase of equal amount of protein obtained from the cell 
extracts were measured. The fold induction was calculated by dividing the normalized 
fluorescence ofthe clone -536 to that of the pEGFP-1 vector. 0^=3) 
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Figure 3.16 Dose Response Curve of Lipopolysaccharide treated Hepatocytes, 
Hepatocytes isolated and grown ovemight were transfected with 3 jig of DNA of 
pCMVP-gal vector and 3 i^g DNA ofClone ccMT-536 or the pEGFP-1 vector and 36 
[i\ LipofectAMTNE™ for 6 hours. After washing, medium supplemented with semm 
having different concentrations ofLPS (10，25 and 50 ^g/ml) were added to the cells 
for different time (6, 12, 18, 24，30，36，42，48 and 54 hours). The fluorescence and 
the activity of P-galactosidase of equal amount of protein obtained from the cell 
extracts were measured. The fold induction was calculated by dividing the normalized 
fluorescence ofthe clone -536 to that ofthe pEGFP-1 vector. Q^=3) 
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3.3.5 Deletion Mutants with Different Treatments 
The fold induction of clone -536ccMT and -230FccMT were highest in 
control hepatocytes, with both having the value around 2. While -230RccMT had a 
lower fold induction than its reverse partner, -230FccMT, with a 29.1% decrease. _ 
144ccMT was much lower than -230FccMT, with a 38.1% decrease. Statistically, the 
fold induction of-144ccMT was similar to that of-78ccMT, as well as the one o f -
22ccMT. Similarly, the fold induction of~46ccMT was similar to -22ccMT. 
When comparing the fold induction of zinc, the one of -536ccMT was the 
highest，having around 20.5 fold (Figure 3.17). While the fold induction of -
230FccMT, around 14 folds, was lower than the one of -536ccMT, with 31.8% 
decrease. Reversing the direction decreased the fold induction to 23.7%, resulting 
around 10.7 fold. However，the fold induction of -230F was statistically similar to 
that of-144ccMT. Nevertheless, the fold induction of-78ccMT, with 8.6 fold, was 
lower than that of-144ccMT, with 41.1% decrease. Similarly, the fold induction of— 
46ccMT was lower than -78ccMT with a 61.0% decrease, while, the fold induction of 
"46ccMT and -22ccMT were statistically similar. 
The fold induction was highest, with 8.4 fold in -536ccMT construct among 
the Cd treated cells (Figure 3.18). The fold induction of-230FccMT was lower than 
that of -536ccMT, with a 32.7% decrease. The fold induction of -230ccMTF -and 
230ccMTR as well as -144ccMT was statistically similar. While the fold induction of 
-78ccMT was lower than -144ccMT, with a 5.2% decrease. Similarly, the fold 
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induction of ^6ccMT was lower than -78ccMT with a 46.9% decrease. However, 
statistically the fold induction of ~46ccMT was similar to that of-22ccMT. 
In Cu treated cells, the fold induction of-230FccMT was highest with 5.4 fold 
(Figure 3.19). It was even higher than that of -536ccMT, with a 41.1% increase. 
Reversing the orientation resulted in a half reduction in fold induction. However, the 
fold induction of -144ccMT and that of -230FccMT was statistically quite similar. 
The fold induction of-78ccMT was lower than that of-144ccMT at 56.3% as the one 
of "46ccMT was lower than that of -78ccMT at 34.7%. Nevertheless, the fold 
induction of ~46ccMT was statistically similar to that of-22ccMT. 
On the other hand, the fold induction of mercury treated cells were similar 
among the constructs -536ccMT, -230FccMT, -230RccMT, and -144ccMT, with 
around 4 folds p^igure 3.20). However，the fold induction of -78ccMT was 44.1% 
lower than that of-144ccMT while the one o f^6ccMT was 37.2% lower than that of 
-78ccMT. Nevertheless, the fold induction of ^6ccMT was similar to that of — 
22ccMT. 
When comparing the fold induction of lead, the one of -536ccMT was the 
highest, having around 4.6 folds (Figure 3.21). While the fold induction of -
230FccMT, was lower than the one of -536ccMT, with 9.3% decrease. Reversing the 
direction lead to a 27.8% decrease of the fold induction. However, the fold induction 
of-230F was statistically similar to that of-144cMT. Nevertheless, the fold induction 
of -78ccMT was lower than that of -144ccMT, with 28.7% decrease. Similarly, the 
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fold induction of"46ccMT was lower than -78ccMT with a 52.0% decrease, while, 
the fold induction of-22ccMT was 15.9% lower than that of "46ccMT. 
In Ni treated cells, the fold induction of-536ccMT was highest with 5.1 fold 
(Figure 3.22). The fold induction of -230FccMT was 23.2% lower than that of -
536ccMT. Reversing the orientation resulted in a 7.9% reduction in fold induction. 
However, the fold induction of-144ccMT was 2.4% higher that of-230FccMT. The 
fold induction of-78ccMT was lower than that of-144ccMT at 9.4% as the one o f -
46ccMT was lower than that of-78ccMT at 35.9%. Whereas, the fold induction o f -
22ccMT was nearly a half of "46ccMT. 
The fold induction was highest, with 4.7 fold in -536ccMT construct among 
the Co treated cells p^igure 3.23). The fold induction of-230FccMT was lower than 
that of-536ccMT, with a 8% decrease. The fold induction of-230ccMTF was 28.2% 
lower than that of-230RccMT while the one of-144ccMT was 3.9% lower than that 
of -230FccMT. While the fold induction of -78ccMT was lower than -144ccMT, 
with a 28.6% decrease, the fold induction of ~46ccMT was 39.8% lower than 一 
78ccMT. Similarly, the fold induction of-22ccMT was 32.9% lower than that o f -
44ccMT. 
The fold induction of clone -536ccMT was highest in LPS treated 
hepatocytes, with the fold induction of 6.7 OFigure 3.24). The fold induction of -
230FccMT was 14.7% lower than that of-536ccMT. While -230RccMT had a lower 
fold induction than its reverse partner, -230FccMT, with a 6.7% decrease. While the 
fold induction of-144ccMT was slightly lower than -230FccMT, with 8.2% decrease; 
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the one of -144ccMT was 77.1% lower than that of -78ccMT. However, the fold 
induction of -78ccMT, -46ccMT, as well as-22ccMT was statistically similar. 
On the other hand, the fold induction of hydrogen peroxide treated cells were 
statistically similar among the constructs -536ccMT, -230FccMT, -230RccMT, and -
144ccMT, with around 7.8 folds (Figure 3.25). However，the fold induction of -
78ccMT was 65.3% lower than that of -144ccMT while the one of ^6ccMT was 
statistically similar to that of -78ccMT. Nevertheless, the fold induction of -22ccMT 
was 52.2% lower than that of^6ccMT. 
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Figure 3,17Fold Induction ofControl Hepatocytes Hepatocytes isolated and grown 
ovemight were transfected with 3 昭 ofDNA of pCMVp-gal vector and 3 i^g target 
DNA (Clone ccMT-536, ccMT-230F, -230R, ccMT-144, ccMT-78, ccMT^6, ccMT-
22, orthe pEGFP-1 vector) and 36 ^1 LipofectAMINE™ for 6 hours. Afler washing, 
medium supplemented with serum was added to the cells for 48 hours. The 
fluorescence and the activity of p-galactosidase of equal amount of protein obtained 
from the cell extracts were measured. The fold induction was calculated by dividing 
the normalized fluorescence ofthe target DNA to that ofthe pEGFP-1 vector. 0^=3) 
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Figure 3.18 Fold Induction ofZinc-treated Hepatocytes Hepatocytes isolated and 
grown ovemight were transfected with 3 路 ofDNA ofpCMVp-gal vector and 3昭 
target DNA (Clone ccMT-536, ccMT-230F, ccMT-230R, ccMT-144, ccMT-78, 
T1^  
ccMT"46, ccMT-22, or the pEGFP-1 vector) and 36 ^il LipofectANflNE for 6 
hours. After washing, medium supplemented with serum containing 150 ^iM zinc was 
added to the cells for 48 hours. The fluorescence and the activity of^-galactosidase of 
equal amount of protein obtained from the cell extracts were measured. The fold 
induction was calculated by dividing the normalized fluorescence ofthe target DNA 
to that ofthe pEGFP-1 vector. 0^=3) 
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^iS^re 3,19 Fold Induction ofCadmium-treaied Hepatocytes Hepatocytes isolated 
and grown ovemight were transfected with 3 昭 ofDNA ofpCMVP-gal vector and 
3昭 target DNA (Clone ccMT-536, ccMT-230F, ccMT-230R, ccMT-144, ccMT-78, 
ccMT-46，ccMT-22, or the pEGFP-1 vector) and 36 ^il LipofectAMmE™ for 6 
hours. After washing, medium supplemented with serum containing 150 ^M 
cadmium was added to the cells for 48 hours. The fluorescence and the activity of 0_ 
galactosidase of equal amount of protein obtained from the cell extracts were 
measured. The fold induction was calculated by dividing the normalized fluorescence 
of the target DNA to that ofthe pEGFP-1 vector. psT=3) 
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Figure 3.20 Fold Induction of Copper-treated Hepatocytes Hepatocytes isolated and 
grown ovemight were transfected with 3 |ig ofDNA of pCMVp-gal vector and 3ng 
target DNA (Clone ccMT-536, ccMT-230F, ccMT-230R, ccMT-144, ccMT-78, 
ccMT-46, ccMT-22, or the pEGFP-1 vector) and 36 …LipofectAMCsE™ for 6 
hours. After washing, medium supplemented with serum containing 90 ^iM copper 
was added to the cells for 48 hours. The fluorescence and the activity of p-
galactosidase of equal amount of protein obtained from the cell extracts were 
measured. The fold induction was calculated by dividing the normalized fluorescence 
ofthe target DNA to that ofthe pEGFP-1 vector. QSN3) 
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Figure 3.20 Fold Induction ofCopper-treated Hepatocytes Hepatocytes isolated and 
grown ovemight were transfected with 3 i^g ofDNA of pCMVp-gal vector and 3 i^g 
target DNA (Clone ccMT-536, ccMT-230F, ccMT-230R, ccMT-144, ccMT-78, 
ccMT-46, ccMT-22, or the pEGFP-1 vector) and 36 ^il LipofectAMDSE™ for 6 
hours. After washing, medium supplemented with serum containing 90 ^M copper 
was added to the cells for 48 hours. The fluorescence and the activity of p_ 
galactosidase of equal amount of protein obtained from the cell extracts were 
measured. The fold induction was calculated by dividing the normalized fluorescence 
ofthe target DNA to that ofthe pEGFP-1 vector. Q^=3) 
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Figure 3.21 Fold Induction of Mercury-treated Hepatocytes Hepatocytes isolated 
and grown ovemight were transfected with 3 ^g ofDNA of pCMVp-gal vector and 
3jig target DNA (Clone ccMT-536, ccMT-230F, ccMT-230R, ccMT-144, ccMT-78, 
ccMT-46, ccMT-22, or the pEGFP-1 vector) and 36 ^il LipofectAMME™ for 6 
hours. After washing, medium supplemented with serum containing 80 ^iM mercury 
was added to the cells for 48 hours. The fluorescence and the activity of p-
galactosidase of equal amount of protein obtained from the cell extracts were 
measured. The fold induction was calculated by dividing the normalized fluorescence 
of the target DNA to that ofthe pEGFP-1 vector. pSN3) 
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FlS“re 3.22 Fold Induction ofLead-treated Hepatocytes Hepatocytes isolated and 
grown overnight were transfected with 3 ^g ofDNA ofpCMVP-gal vector and 3 i^g 
target DNA (Clone ccMT-536, ccMT-230F, ccMT-230R, ccMT-144, ccMT-78, 
ccMT-46, ccMT-22, or the pEGFP-1 vector) and 36 ^il LipofectANflNE™ for 6 
hours. After washing, medium supplemented with serum containing 160 ^M lead was 
added to the cells for 48 hours. The fluorescence and the activity ofp-galactosidase of 
equal amount of protein obtained from the cell extracts were measured. The fold 
induction was calculated by dividing the normalized fluorescence ofthe target DNA 
to that ofthe pEGFP-1 vector. pSf=3) 
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Figure 3.23 Fold Induction of Nickel-treated Hepatocytes Hepatocytes isolated and 
grown ovemight were transfected with 3 |ig ofDNA of pCMVp-gal vector and 3 i^g 
target DNA (Clone ccMT-536, ccMT-230F, ccMT-230R, ccMT-144, ccMT-78, 
ccMT-46, ccMT-22, or the pEGFP-1 vector) and 36 ^il LipofectANflNE™ for 6 
hours. After washing, medium supplemented with serum containing 170 ^M nickel 
was added to the cells for 48 hours. The fluorescence and the activity of P-
galactosidase of equal amount of protein obtained from the cell extracts were 
measured. The fold induction was calculated by dividing the normalized fluorescence 
of the target DNA to that ofthe pEGFP-1 vector, psf=3) 
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Figure 3.24 Fold Induction of Cobalt-treated Hepatocytes Hepatocytes isolated and 
grown ovemight were transfected with 3 ng ofDNA of pCMVp-gal vector and 3[ig 
target DNA (Clone ccMT-536, ccMT-230F, ccMT-230R, ccMT-144, ccMT-78, 
ccMT-46, ccMT-22, or the pEGFP-1 vector) and 36 ^il LipofectAMmE™ for 6 
hours. After washing, medium supplemented with serum containing 250 |xM cobalt 
was added to the cells for 48 hours. The fluorescence and the activity of p-
galactosidase of equal amount of protein obtained from the cell extracts were 
measured. The fold induction was calculated by dividing the normalized fluorescence 
ofthe target DNA to that ofthe pEGFP-1 vector. (N=3) 
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Figure 3.25 Fold Induction of LPS-treated Hepatocytes Hepatocytes isolated and 
grown ovemight were transfected with 3 ^g ofDNA of pCMVp-gal vector and 3|ig 
target DNA (Clone ccMT-536, ccMT-230F, ccMT-230R, ccMT-144, ccMT-78, 
ccMT-46, ccMT-22, or the pEGFP-1 vector) and 36 ^il LipofectAMDvnE™ for 6 
hours. After washing, medium supplemented with serum containing 10 ^ig/ml LPS 
was added to the cells for 48 hours. The fluorescence and the activity of P_ 
galactosidase of equal amount of protein obtained from the cell extracts were 
measured. The fold induction was calculated by dividing the normalized fluorescence 
ofthe target DNA to that ofthe pEGFP-1 vector. Q^=3) 
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Figure 3.26 Fold Induction of H2O2-treated Hepatocytes Hepatocytes isolated and 
grown ovemight were transfected with 3 |ig ofDNA of pCMVP-gal vector and 3 i^g 
target DNA (Clone ccMT-536, ccMT-230F, ccMT-230R, ccMT-144, ccMT-78, 
ccMT-46, ccMT-22, or the pEGFP-1 vector) and 36 d^ LipofectAMTNE™ for 6 
hours. After washing, medium supplemented with serum containing 100 |iM H2O2-
was added to the cells for 48 hours. The fluorescence and the activity of P-
galactosidase of equal amount of protein obtained from the cell extracts were 
measured. The fold induction was calculated by dividing the normalized fluorescence 
ofthe target DNA to that ofthe pEGFP-1 vector. ¢4=3) 
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3.4 Discussion 
3.4.1 LC50 Values (M) ofMetal Toxicity in Different in vitro Fish Cells Studies 
Metal ~~Common carp~~ PLHC-1 cells HepG2 cells 
Hepatocytes 
Zn ~~1 .45x l0 " ' 7 . 2 x l 0 ^ 1.5xlO~\ — 
_ ^ 9.6 X10 -’ 1 .4x l0^ 5.36xlO.) 一 
Cu ~ ~ 8 . 7 2 x l 0 ^ 3 . 2 x l 0 ^ 5.8x lO^ 
_ ^ ~~1.597x 10-3 2.6x10-3 5.04x10'^ 
i ^ i ~~1.694x 10-3 2 . 9 x l 0 ^ 2.89 x 10 '' 
"Co 2.481x10-3 2.8xlQ-^ 7.85xlQ-^ 
Table 3.1 Cytotaxocities of Common Carp Hepatocytes, PLHC-1 Cells and HepG2 
Cells. PLHC-1 cells were Fish Hepatoma and HepG2 cells were human 
hepatoblastoma. 
Both the trend and the value of the cytoxicities of common carp hepatocytes, 
PLHC-1 cells and HepG2 cells were different (Table 3.1). While the cytotoxicities of 
common carp hepatocytes were Cd > Cu >Zn > Pb >Ni >Co, the cytotoxicities of 
PLHC-1 cells were Cd > Cu >Ni >Co> Zn > Pb and the cytotoxicities ofHepG2 cells 
were Cd > Zn > Cu >Co >Ni > Pb. The cytotoxicities of zinc of common carp 
hepatocytes was lower than the one ofPLHC-1 and HepG2 and the cytotoxicities of 
cadmium of common carp hepatocytes was higher than the one ofPLHC-1 but lower 
than that of HepG2. While the cytotoxicities of copper of common carp hepatocytes 
was lower than the one of PLHC-1 and HepG2 and the cytotoxicities of lead of 
common carp hepatocytes was higher than the one ofPLHC-1 and that of HepG2. 
The cytotoxicities of nickel of common carp hepatocytes was lower than the one of 
HepG2 and higher than that ofPLHC-1 and the cytotoxicities of cobalt of common 
carp hepatocytes was lower than the one ofPLHC-1 and that ofHepG2. 
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3.4.2 Dose Response Curve (Figure 3.9 to 3.16) 
In zinc, nickel, lead, or cobalt treated hepatocytes, the fold induction of 
concentrations: 1/2 LC50, 1/4 LC50 and 1/10 LC50 were low at 6 and 12 hours but 
increased gradually after 18 hours incubation. This might be due to the action of the 
metal was not yet executed or even not totally entered the cell. This increase 
continued up to 48 hours incubation, with the maximum induction at 48 hours, but 
then dropped suddenly at 54 hours. The drop might be due to the decrease in effect of 
the metal owing to the toxicity. The highest fold induction was at 1/10 LC50 
concentration probably because higher concentration resulted in a much higher toxic 
effect and could not compensate for the increased fold induction. Similarly, in LPS 
treated cells, the fold induction of 10 ^ig/ml, 25^ig/ml and 50^ig/ml were low at 6 and 
12 hours and increased gradually until 48 hours, reaching its maximum. The LPS 
concentration giving the highest fold induction was 10 ^ ig/ml. 
In cadmium treated cells, the fold induction of concentrations: 1/2 LC50, 1/4 
LC50 and 1/10 LC50 were also low in 6 and 12 hour, and increased starting from 18 
hours incubation. However, the increase continued until 48 hours in 1/10 LC50 
concentration of cadmium treated cells, while the increase stopped after 36 hours for 
^ LC50 concentration of cadmium and after 42 hours for % LC50 concentration of 
cadmium. The drop might be due to the decrease in effect of the metal owing to the 
toxicity. Nevertheless, the concentration giving the maximum induction was at 1/10 
LC50 indicating higher concentration resulted in a much higher toxic effect. 
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On the other hand，in mercury and copper treated cells, the fold induction of 
metal concentration of 1/10 LC50 was also low at 6 and 12 hours, but increased 
sharply after 18 hours until 48 hours. However, the one of the V* LC50 concentration 
of copper was steady from 18 hours to 42 hours and then dropped at 48 and 54 hours. 
The cells treated with Vi LC50 concentration of copper or V* and Vi LC50 
concentration of mercury were also reached their maximum at 18 hours and dropped 
gradually after 18 hours incubation. Similarly, the concentration giving the maximum 
induction was at 1/10 LC50 indicating that higher concentration resulted in a much 
higher toxic effect and could not compensate for the increased fold. 
3.4.3 Fold Induction in Deletion Mutants 
In the control hepatocytes, the fold induction of clone -536ccMT and -
230FccMT were highest but statistically similar, indicating the extra 306bp did not 
affect the basal transcription. It was not surprising as this region contained only two 
distal MRE and may not be responsible in basal transcription. While -230RccMT had 
a lower fold induction than its reverse partner, -230FccMT, with a 29.1% decrease, 
but not totally diminished, implying this promoter was not orientation specific. The 
reverse of the promoter could still have 70% promoter activity could further support 
the hypothesis that Spl, not only being a transcriptional factor but also was believed 
to help in transcription initiation. When deleting the promoter from -230FccMT to 一 
144ccMT, the fold induction had a 38.1% decrease, indicating that this extra 86bp, 
containing the distal Spl binding site, was needed in basal transcription. As reviewed 
in chapter 1，Spl was responsible in basal transcription. Statistically, the fold 
induction of -144ccMT was similar to that of -78ccMT, implying the deleted 66bp, 
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having the central MRE and a API binding site deleted, did not affect the basal 
transcription much. However, their fold induction was also statistically similar to the 
one of -22ccMT, implying the proximal Spl binding site might not be totally 
responsible to the basal transcription. On the other hand, the fold induction of -
46ccMT was similar to -22ccMT, indicating that the deleted MRE was not 
responsible to basal transcription. 
When comparing the fold induction of zinc，the one of -536ccMT was the 
highest，indicating that all the 5 MRE were responsible for zinc induction and 
increasing the number of MRE resulted in increased fold induction. While the fold 
induction of-230FccMT, was 31.8% lower than the one of-536ccMT, indicating that 
the 2 distal MRE were responsible to zinc induction. Reversing the direction 
decreased the fold induction to 23.7%, indicating orientation also affected zinc 
induction. However, the fold induction of-230F was statistically similar to that o f -
144ccMT, implying the distal Spl binding site was not required in zinc induction. 
Nevertheless, deleting the central MRE and the API binding site resulted in 41.1% 
decrease in the fold induction, implying the central MRE was also required in zinc 
induction. Similarly, deleting the second MRE and the proximal Spl binding site from 
clone -78ccMT to ^6ccMT resulted in a 61.0% decrease in fold induction, indicating 
that the second MRE was also needed in zinc transcription. On the other hand, the 
fold induction of ^6ccMT and -22ccMT were statistically similar, implying the most 
proximal MRE could not drive the zinc induction alone. 
The fold induction was highest in -536ccMT among the Cd treated cells, 
indicating that all the 5 MRE were required for cadmium induction and increasing the 
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number of MRE resulted in increased fold induction. The fold induction of -
230FccMT was 32.7% lower than that of-536ccMT, indicating that the 2 distal MRE 
were also responsible to cadmium induction. The fold induction of-230ccMTF —and 
230ccMTR were statistically similar indicating orientation was not essential in Cd 
induction. However, the fold induction of -230FccMT and that of -144ccMT was 
statistically similar, implying the distal Spl binding site was not required in Cd 
induction. While the fold induction of -78ccMT was 5.2% lower than -144ccMT, 
indicating that the second MRE was also needed in Cd transcription. Similarly, the 
fold induction of ~46ccMT was 46.9% lower than -78ccMT, indicating that the 
second MRE was also needed in zinc transcription. However, statistically the fold 
induction of~46ccMT was similar to that of-22ccMT, implying the most proximal 
MRE could not drive the Cd induction alone. 
In Cu treated cells, the fold induction of-230FccMT was highest, even was 
41.1o/o higher than that of -536ccMT, implying the two distal MRE was not 
responsible for copper induction. Reversing the orientation resulted in a halfreduction 
in fold induction indicating orientation also played a role in copper induction. 
However, the fold induction of-144ccMT and that of-230FccMT was statistically 
quite similar, implying the distal Spl binding site was not required in copper 
induction. The fold induction of -78ccMT was 56.3% lower than that of-144ccMT, 
indicating that the second MRE was also needed in Cu transcription. Similarly, the 
one of"46ccMT was 34.7% lower than that of-78ccMT, indicating that the second 
MRE was also needed in copper transcription. Nevertheless, the fold induction o f -
46ccMT was statistically similar to that of-22ccMT. 
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On the other hand, the fold induction of mercury treated cells were similar 
among the constructs -536ccMT, -230FccMT, -230RccMT, and -144ccMT, 
indicating that the two distal MRE were not needed in mercury induction and its 
induction was not related to orientation. However, the fold induction of-78ccMT was 
44.1% lower than that of -144ccMT, implying the central MRE as well as the API 
site was required in mercury induction. Similarly, the one of ^6ccMT was 37.2% 
lower than that of -78ccMT, implying the second MRE was also needed in mercury 
induction. Nevertheless, the fold induction of ~44ccMT was similar to that of — 
22ccMT, implying the most proximal MRE could not execute its mercury response 
alone. 
When comparing the fold induction of lead, the one of -536ccMT was the 
highest. Together with the fact that the fold induction of-230FccMT, was 9.3% lower 
than the one of -536ccMT, it was implied that the two distal MRE were required in 
lead response. Reversing the direction lead to a 27.8% decrease of the fold induction, 
indicating that orientation was needed in lead induction. However, the fold induction 
of-230F was statistically similar to that of -144cMT, implying the Spl binding site 
was not required in lead induction. Nevertheless, the fold induction of -78ccMT was 
28.7% lower than that of -144ccMT, indicating that the central MRE as well as the 
API binding site was needed in lead induction. Similarly, the fold induction of -
46ccMT was 52% lower than -78ccMT indicating the second MRE and the Spl 
binding site were required in lead induction. While, the fold induction of -22ccMT 
was 15.9% lower than that of ~46ccMT，implying the most proximal MRE could 
drive the lead response alone. 
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In Ni treated cells, the fold induction of -536ccMT was highest and the fold 
induction of-230FccMT was 23.2% lower than that of-536ccMT, indicating that the 
two distal MRE were needed in nickel induction. Reversing the orientation resulted in 
a 7.9% reduction in fold induction, implying orientation might not played important 
role in nickel induction. However, the fold induction of-144ccMT was 2.4% higher 
that of-230FccMT, implying the distal Spl site might reduce the nickel response or 
decreasing the length of promoter could result in a better induction. The fold 
induction of -78ccMT was 9.4% lower than that of -144ccMT,indicating that the 
central MRE as well as the API site were not playing an important role in nickel 
induction. However, the one of *46ccMT was lower than that of-78ccMT at 35.9%, 
implying the second MRE and the proximal Spl binding site were needed in nickel 
induction. Whereas, the fold induction of -22ccMT was nearly a half of ]6ccMT, 
indicating that the most proximal MRE was important in nickel response. 
Among the Co treated cells, the fold induction was highest in -536ccMT 
construct and the fold induction of-230FccMT was 8% lower than that of-536ccMT, 
indicating that the two distal MRE were needed in cobalt induction. The fold 
induction of -230ccMTF was 28.2% lower than that of -230RccMT, indicating 
orientation was also important in cobalt induction. While the one of -144ccMT was 
3.9% lower than that of-230FccMT, indicating that the distal Spl binding site did not 
played an important role in cobalt response. On the other hand, the fold induction o f -
78ccMT was 28.6% lower than -144ccMT, the fold induction of ^6ccMT was 
39.8% lower than -78ccMT and，the fold induction of -22ccMT was 32.9% lower 
than that of ^4ccMT, implying the three proximal MRE, the proximal Spl binding 
site and also the API site were all required in cobalt response. 
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Summarizing the fold induction of metal assay，it is evident that zinc, 
cadmium, lead, nickel and cobalt used all 5 MRE but it seemed that copper and 
mercury did not use the two distal MRE. 
The fold induction of clone -536ccMT was highest in LPS treated 
hepatocytes, but the fold induction of -230FccMT was only 14.7% lower than that of 
-536ccMT, implying that the two distal MRE were not important in LPS response. 
Similarly, fold induction of -230RccMT had only 6.7% lower than its reverse partner, 
-230FccMT, indicating orientation was not important to LPS response too. In 
addition, the fold induction of -144ccMT was slightly lower than -230FccMT, 
implying that the distal Spl site was not needed in LPS induction. However, the fold 
induction of -144ccMT was 77.1% lower than that of -78ccMT, indicating that the 
central MRE as well as the API site were essential for LPS response. Nevertheless, 
the fold induction of -78ccMT, -46ccMT, as well as-22ccMT was statistically 
similar, indicating that the two proximal MRE and the proximal Spl site were not 
needed in LPS induction. 
On the other hand, the fold induction of hydrogen peroxide treated cells were 
statistically similar among the constructs -536ccMT, -230FccMT, -230RccMT, and -
144ccMT, indicating that neither orientation, nor the two distal MRE, together with 
the distal Spl site played an important role in hydrogen peroxide induction. However, 
the fold induction of -78ccMT was 65.3% lower than that of-144ccMT, indicating 
that the central MRE as well as the API binding site were essential in hydrogen 
peroxide induction. Nevertheless, the one of ~46ccMT was statistically similar to that 
of-78ccMT, implying the second MRE and the proximal Spl site were not important 
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in hydrogen peroxide induction. However, the fold induction of-22ccMT was 52.2% 
lower than that o f^6ccMT, indicating that the most proximal MRE might be needed 
in hydrogen peroxide induction. 
LPS and hydrogen peroxide are examples of oxidative stress. Deleting from -
144ccMT to -78ccMT, i.e. removing the API site and the central MRE, resulted in a 
dramatic decrease in fold induction. Since MRE was not found to drive hydrogen 
peroxide and LPS responses, it seemed that API site was the target cis-acting element 
mediating the oxidative stress response. 
Comparing all treatment in cells transfected with -536ccMT construct, the fold 
induction ofzinc was highest (Figure 3.27). The fold induction of cadmium, LPS and 
hydrogen peroxide were the second highest. The fold induction of mercury, lead, 
nickel and cobalt were statistically similar being the third highest group. However, 
when comparing the fold induction of copper and control group, there was no 
significant difference statistically, indicating no copper induction in this promoter 
length. 
When comparing the fold induction ofthe -230FccMT, the fold induction of 
zinc was also highest and the one of hydrogen peroxide was the second highest 
(Figure 3.28). The one of cadmium, copper, mercury and LPS were statistically 
similar to be the third highest; whereas，the one of nickel, cobalt and lead was 
statistically similar to be the fourth highest. 
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Among the -230RccMT transfected cells, the fold induction of zinc was 
highest，while, that of hydrogen peroxide was the second highest fl^igure 3.29). The 
third one was the LPS, with the fourth one being the cadmium. The fold induction of 
copper was higher than that of mercury, with the former being the fifth and the latter 
being the sixth. On the other hand，the fold induction of lead, cobalt, and nickel were 
statistically similar. 
Whereas in -144ccMT transfected cells，the fold induction of zinc was also 
highest, with the one of hydrogen peroxide being the second highest and the one of 
cadmium being the third (Figure 3.30). The fold induction ofLPS and copper were 
statistically similar, being the fourth. However, there was any significant difference 
among the copper and mercury cells. Similarly, the one of lead，nickel and cobalt 
were statistically similar. All treatment had induction to a certain extent. 
In cells transfected with -78ccMT clone, zinc had the highest induction 
^"igure 3.31). While cadmium and nickel had statistically similar fold induction, 
being the second, the one of cadmium, mercury, lead, cobalt and hydrogen peroxide 
had no significant difference statistically. The fold induction of copper was the fourth. 
However, LPS did not have any induction. 
Among the -46ccMT transfected cells, zinc had the highest induction with 
nickel was the second ^"igure 3.32). The fold induction of cadmium, mercury, 
hydrogen peroxide and cobalt was statistically similar, being the third, while, the one 
of lead and copper was also statistically similar, being the fourth. LPS did not have 
any induction. 
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On the other hand, all treatment of -22ccMT transfected cells did not have any 
fold induction (Figure 3.33). 
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Figure 3.27 Comparison ofFoldInduction ofClone -536 Transfected in Carp 
Hepatocytes Treated with Different Metals, LPS and H2O2 0^=3). Transient gene 
expression was measured by using Cytofluor 2350 and normalized with p-gal activity. 
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Figure 3.28 Comparison ofFoldInduction ofClone -230F Transfected in Carp 
Hepatocytes Treated with Different Metals, LPS andH2O2 CN=3). Transient gene 
expression was measured by using Cytofluor 2350 and normalized with p-gal activity 
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Figure 3.29 Comparison of FoldInduction ofClone -230R Transfected in Carp 
Hepatocytes Treated with DifferentMetals, LPSandH2O2 Q^=3). Transient gene 
expression was measured by using CytofIuor 2350 and normalized with 3-gal activity 
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Figure 3,30 Comparison of FoldInduction of Clone -144 Transfected in Carp 
Hepatocytes Treated with DifferentMetals, LPSandH2O2 0^=3). Transient gene 
expression was measured by using Cytofluor 2350 and normalized with P-gal activity 
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Figure 3.33 Comparison of FoldInduction ofClone -22 Transfected in Carp 
Hepatocytes Treated with Different Metals, LPS andH2O2 0^=3). Transient gene 
expression was measured by using Cytofluor 2350 and normalized with P-gal activity 
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-536 -230F~~ -230R““ -144 p78 ^46 ^22 
ccMT ccMT ccMT ccMT ccMT ccMT ccMT 
Control 2.084± 2.046i 1.450±~~1.266i~~~1.178i 0.993+ ~ ~ f o ^ ~ ~ 
0131 0.109 0.116 0.061 0.068 0.048 0 117 
� � B， B , C , B，C，D, D， C , D , 
^ e k s z ee kk,ll 
~ ^ 20.½ 13.971± 10.654± 14.577± 8.589± 3 3 4 1 ± " " " f T m ^ 
1.724 0.991 0.689 0.363 0.630 0.051 0 130 
E， F， G, F， G, H, i 
b f 1 t aa ff kk,ll 
Cd2+ 8.428± 5.668± 4.765±~~5.75± Y ^ 2 ^ V f [ ^ f o m ~ ~ 
p.905 0.211 0.171 0.182 0.331 0.196 0 052 
I， J， J， J， K, U L, 
c g u m, n bb, cc gg kk 
~ ^ ~ ~ 3.815± 5.386+~~2.694± 4 . 8 8 5 ± ~ ~ 2 ^ T m ~ ~ ~ 0 ^ ~ " ~ T o ^ ~ ~ 
0.045 0.067 0.035 0.056 0.024 0.025 0 905 
H N, N, N， 0, p, p； 
a，d g 0 v,w dd hh, ii kk,ll 
T S ? ~ ~ 4.321+ 4.648+ 4.216± 4.578± 2 . 5 5 9 ± " " " h ^ ~ " F m + ~ ~ 
^619 0.062 0.084 0.062 0.053 0 020 0 028 
Q， Q, Q， Q, R, s, s, 
_ ^ _ _ d &h m V bb gg,ii kk,ll 
~ ^ ~ ~ 4.619± 4.186i 3.021± 4.105i 2.925+ ~ ~ ~ L 4 ^ ~ " n 8 0 l ~ ~ 
002 0.068 0.023 0.045 0.013 0 011 0011 
T， U， V， U, W, X, Y,‘ 
d h，i o，p X bb ii kk,U 
~ ^ 5.1091 3.926±~~3.617±~~4.020±~~3.642± 2.334± f ^ S i ~ ~ 
0028 0.022 0.021 0.035 0.012 0.018 0 032 
& AA, BB, CC, BB, DD, EE, 
_ _ ^ _ _ _ d i m,p X cc jj kk,ll 
Co2+ 4.65士 4.277± 3.069+~~4.110±~~2.935± 1.767+ U 8 f e ~ ~ 
0;019 0.018 0.014 0.011 0.002 0.014 0 019 
FF， GG， HH, II， JJ, KK, LL, 
d ‘ 0, p X bb gg 11, mm 
LPS 6.652± 5.671± 5.29+ 5.208±~~1.192+ 1.132+ 1.088±~~ 
0.04 0.075 0.08 0.011 0.005 0.019 0 002 
MM’ NN, 00, 00, PP, pp, pp, 
c g g w z ee kk, 11 
H2O2 7.898± 8.586+ 7.538+~~7.419±~~2.577± 2 . 2 0 9 + ~ ~ ~ E o ^ ~ ~ 
0;591 0.797 0.507 0.061 0.160 0.168 0.024 
QQ' QQ. QQ, QQ, RR, RR, ss, ss, 
c j r y bb ij kk 
Table 3.2 Summary ofFold Induction of All Treatments Done in the Seven Clones. 
The values were represented as Mean 土 S.D. Values shown with small letters and 
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capital letters are those with significant difference (p<0.05) vertically and 
horizontally, resp. 
CHAPTER 3. FUNCTIONAL ASSAY OF COMMON CARP M T PROMOTER 128 
3.5 Conclusion 
The promoter region of the common carp MT gene obtained was a functional 
promoter, not orientation specific, and it responded to different metals as well as 
stress. Zinc had highest induction in it, while, mercury had the lowest. All five MREs 
were metal-responsive and decreasing the number ofMRE reduced the level of metal 
induction. However, the two distal MREs seemed not respond to copper and mercury. 
Also, even the promoter region did not have the ARE, the API binding sites might be 
responsible for the induction by H2O2 and LPS. 
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CHAPTER 4. MRE-BlNDEVG PROTEmS 
4.1 Introduction 
One of the major subjects of MT gene regulation is how metal ions activate 
the transcription of the MT genes. As described in chapter 1，multiple factors have 
been reported to be responsible for the MT gene promoter sequences and activation of 
the MT genes. 
4.1.1 MTF-1 
A zinc finger protein, known as the MRE-binding transcription factor 1 (MTF-
1) was found to bind specifically to MRE of both MT -I and -11. Mouse and human 
MTF-1 protein is 72.5 kDa and 86 kDa respectively. The former was isolated from a 
X,gtll cDNA expression library from the murine lymphocytic leukemia cell line 
L1012 (Radtke et al., 1993) while the latter was cloned and characterized from a 
human B cell cDNA library. The human MTF-1 was mapped on chromosome lp33 
by using fluorescence in situ hybridization (FISH) (Brugnera et al., 1994). 
4.1.1.1 Structure ofMTF-1 (Brugnera etal, 1994) 
Both mouse and human MTF-1 have a zinc finger domain (Figure 4.1) 
carrying six zinc fingers of the TFIIIA type (2Cys-2His) near the N-terminal for DNA 
binding, and three transactivation domains known as the acidic domain, the proline-
rich domain, and the serine/threonine-rich domain. Human MTF-1 protein has 752 
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amino acids and in addition to the mouse counterpart an extension of 78 amino acids 
at the C-terminal. The homology between the human and the mouse MTF-1 is 93% at 
amino acid level. In addition, when comparing their cDNA sequences, the protein 
coding region as well as the 5’ and 3’ untranslated regions are highly conserved 
(Brugnera et al, 1994). 
. _ 1 138 316 330 406/408 498 524 620 753 
j j » ^ ; Nl I I I I II I I ! — — = • C 
serine/ 
Zioc finger proline- threonine> 
do!iiiiin ridi rich 
region region 
: s e Nl I I I I I I I I I • i l ^ M IC 
^ * ^ " 1 1 137 315 329 405/407 498524 620 675 
Figure 4,1 Schematic Illustration of MTF-1 Protein Showing Different Functional 
Domain Regions C: C-terminal; N:N-terminal (Brugnera et al., 1994) 
4.1.1.2 MTF-1 is a Zinc Dependent Factor (Heuchel et al., 1994) 
MTF-1 is a zinc dependent factor. In nuclear extracts which did not 
supplemented with zinc (Figure 4.2), MTF-1 was incompletely zinc-saturated, and the 
binding activity was greatly increased by zinc addition. This effect is even much more 
pronounced than that of Spl which is a mammalian zinc finger factor, indicating that 
MTF-1 requires a much higher zinc concentration for optimal DNA binding than does 
Spl (Figure 4.2) (Heuchel et al., 1994). Moreover, the binding of Spl and MTF-1 to 
the mouse MREd seemed to be mutually exclusive, since the bands having a much 
slower mobility，i.e. above the two bands, were not found. Spl does not mediate a 
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heavy metal response, although it harbours the same type of Cys2-His2 zinc finger as 
MTF-1 and can be reversibly inactivated by zinc withdrawal (Westin and Schaffner， 
1988). Taken together, a differential sensitivity of factors to zinc in vitro is revealed, 
which may also reflect the situation in vivo. 
Lane 1 2 3 4 5 6 
r=r : *^  4 t1dti ce".r^  
+ + 
Increasing zinc SP 如 ^ ^ ^ b ^ b ^ ^ P ^ cell treated 
conc. enhance ^TF- l ^ ^ l * * % l P W l with ZnSO4 
MTF-1 + + 
binding 
p1MZnSO4 - 25 50 100 200 400 
Figure 4.2 Zinc Induces DNA Binding of MTF-1 from untreated (upper panel) and 
zinc treated (lower panel) cells. Nuclear extracts were prepared from untreated mouse 
3T6 cells and cells treated with 100 piM zinc sulfate for 4 hour prior to harvest and 
nuclear extract preparation. Lane 1-6: increasing concentration of zinc ions were 
added to the binding buffer before the DNA-protein binding reaction. (Adapted from 
Heuchel, etal., 1994) 
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4.1.1.3 Band-shift Assay of Mouse MTF-lUsing Knockout Model (Heuchel et al., 
1994) 
Both alleles of the MTF-1 gene in mouse embryonic stem cells were disrupted 
by homologous recombination and nuclear extracts from these mutant cells as well as 
from wild-type mice were used to perform bandshift assay (Figure 4.3). As shown in 
lane 7and 8，the MRE binding ability was completely lost in MTF-1 negative nuclear 
extracts. Thus，MTF-1 is responsive for binding to MREs after zinc induction, but 
how does it induce MT gene transcription? 
Sp 
l f 4 M t , i M 一 
MRE-s: mutated • ^ < ~ MTF-1 
oligonuclotide that 
contains no Spl 
binding site 
+/+ wUdtype mice 
-/- MTF transgenic mice MM^M>^ ^ ^ Free Probe 
Lane — • . 一 FreeProbe 
Figure 4.3 Bandshift Assay Using Nuclear Extracts from MTF-1 +/+ ES Cells or 
MTF-1 -/- ES Cells and End-labeled Oligonucleotides In lane 2, 4，6 and 8，the ES 
cells were treated with 400nMn ZnS04 in growth medium for 4 hours before 
harvesting. The oligonucleotide SplHSVwhich bound to Spl was used in lane 1-4; 
while MRE-s, which was mutated from mMREd and bound to MTF-1 but not Spl. 
was used in lane 5-8. (Adapted from Heuchel, etal., 1994) 
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4.1.1.4 Mouse MTF-1 is Essential for Both Basal and Metal-Induced MT 
Transcription (Heuchel etal., 1994) 
In order to assay for MT gene transcription levels, protection assay (Figure 
4.4) was performed by hybridizing the cytoplasmic RNA with the MTF-1, Spl, MT-I 
and MT-II antisense probe simultaneously. In lane 1 to 6, the transcript levels ofboth 
MTF-1 and Spl were only marginally influenced after the addition of metal ions; but 
both MT-I and H were induced, especially by Zn and Cd. Whereas, in lane 7 to 12, 
since both alleles of the MTF-1 gene in mouse embryonic stem cells were knocked 
out, consequently MTF-1 was not detectable. Without MTF-1, neither MT-I nor MT-
II was produced. Not only the metal induced conditions, as in lane 8-12，but also the 
Lane 1:- +,+ V：''-
2: Zn2+ 8: Zn2+ 
3:Cd2+ 9: Cd2+ 
4: CV+ 10: Cu2+ 
5: m2+ 11: Ni2+ 
• 2 + 12:Pb- … … … … 
MTF-1 ‘ —• 一 “ 
+/+ wildtype mice 
Spl ’ • • • _ _ • _ 闘 纏 _ 圓 > ^ 
-/- MTF transgenic mice _ 
MT-I ‘ _ _ S = t T i 
K^ 
MT-n - * ^ • 醒 I 
Figure 4.4 Loss of MT Gene Regulation in MTF-1 -/- ES Cells. Each lane 
represented protected RNA segments obtained after hybridizing 20pg of cytoplasmic 
RNA with MTF-1, Spl, MT-I and MT-II antisense RNA probes simultaneously. Spl 
transcript levels were used as internal controls because they are not affected by heavy 
metal treatment. Before harvesting cells were treated with different metal salts as 
indicated. (Adapted from Heuchel, et a/.，1994) 
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4.1.3 MBF-1 (Imbert et al., 1989) 
Metal response element binding factor 1 (MBF-1) is a 74kDa protein purified 
from mouse L cells by using the trout MT-B gene MRE sequence as an affinity 
reagent. MBF-1 binds on the mouse MT-I promoter and can stimulates in vitro 
transcription of the trout MT-B promoter in a zinc-dependent fashion. MBF-1 only 
binds on the functional MRE sequences and the metal stimulation effect is specific for 
zinc(II) but not copper(II) and cadmium(II). The in vivo role of MBF-1 is still 
questionable as no experimental evidence demonstrating that MBF-1 binds to 
functional MRE of mouse MT-I (Imbert et al., 1989). 
4.1.4 Rat Zinc Activated Protein (Searle, 1990) 
Zinc activated protein (ZAP) is a rat liver nuclear factor binding to MREs of 
mouse MT-I promoter in the presence ofzinc. It is zinc dependent but not responsive 
to cadmium or copper. ZAP binding depends on a transcriptionally competent MRE 
core element and its binding in vitro is maximally activated by 60-100^iM zinc 
sulphate which is the same range known to efficiently induces mMT-I transcription in 
tissue culture. Moreover, Southwestern blot assays demonstrated that ZAP is in the 
same size range as MEP-1, implying analogous functions in metal regulation of MT 
genes in different organisms. (Searle, 1990) 
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4.1.5 MREBF-1 and MREBF-2 (Czupryn et al.’ 1992) 
MRE-binding factor 1 and 2 (MREBF-1 and MREBF-2), identified in the 
human hepatocellular cell line (HepG2), are two distinct nuclear factors interacting 
with the human MREa of MT-I gene. MREBF-1 is a single protein of 86 kDa while 
MREBF-2 is a protein doublet of 28kDa. MREBF-2 is found only in heavy metal 
treated cells but MREBF-1 is present in the absence of metal treatment. Thus, 
MREBF-1 may be involved in the regulation of the basal expression ofMT，while 
MREBF-2 may be involved in the metal-induced MT expression in vivo. However, 
the binding of both MREBF-1 and MREBF-2 appeared to be metal dependent since 
pre-incubation of the extracts with EDTA or o-phenanthroline (OP) inhibited the 
formation ofboth protein-MRE complexes (Czupryn etal., 1992). 
4.1.6 Human Zinc Regulatory Factor (Otsuka et al., 1994) 
Zinc regulatory factor (ZRF) is a 116kDa nuclear factor identified and purified 
from HeLa S3 cells. By bandshift assay, it was found to bind specifically to the MREa 
of the human MT-IIa. The purified ZRF protected both MREa and MREb located in 
the upstream region of the human MT-II gene in a zinc-dependent and MRE 
sequence-specific manner. Together with the fact that MREs upstream of MT genes 
are protected in heavy metal-exposed cells in footprinting experiments in vivo, ZRF is 
shown to be a positive transcriptional regulation ofMT genes (Otsuka et al., 1994). 
The MRE-binding activity of ZRF increased in response to elevated 
concentration of zinc reaching a maximum at lOO^iM but cadmium did not stimulate 
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its activity at any concentration (Koizumi et al., 1992). Actually, heavy metals other 
than zinc had no ability to support the ZRF activity. Also, binding of ZRF to MREa is 
activated specifically by zinc. 
ZRF has a high homology with the partial sequences of mouse MTF-1. Thus， 
it is suggested that ZRF is the human counterpart of the mouse MTF-1. 
4.1.7 MREBP 
MREBP, MRE-binding protein, was a HeLa cell nuclear factor that recognize 
different MREs of human MT-2a gene with varying affinity as MREc & MREg 
interact strongly with MREBP but MREd is only partially protected and MREe is 
unprotected. Both high concentration of cadmium and zinc inhibit MREBPs binding 
but low concentration stimulate their binding, suggesting a role of MREBP in the 
negative regulation of hMT-IIa gene. Thus, it is suspended that at higher metal 
concentration, MREBP could lose affinity for MREs to make them fully accessible to 
positive regulatory factors e.g. MTF-1, ZAP and/or MEP-1. At lower metal 
concentration, metal-dependent positive factors decrease in activities and MREBP 
could bind to prevent unnecessary expression of MT genes. MREBP was partially 
purified by passing the HeLa nuclear extract over heparin-agarose, Sephacryl S-300, 
and MRE-Sepharose affinity columns. Blotting experiments showed that a 
polypeptide with a molecular weight of 112 kDa is responsive for the MREBP 
activity (Koizumi etal.,X992d^. 
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4.1.8 Aim ofThis Chapter 
The lack of consistency of purifying a factor or factors which can bind with 
the MREs suggests that more complicated protein-protein and protein-DNA 
interactions might be involved in the regulation of MT gene transcription. Therefore, 
the aim of this chapter was to study the DNA-protein interaction by Bandshift Assay 
and to study MRE-binding proteins by screening the expression library of common 
carp liver. 
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4.2 Materials and Methods 
4.2.1 Materials 
4.2.1.1 Preparation of Nuclear Extract from Common Carp Liver Tissue 
H/B buffer: 2M sucrose, 10% glycerol, lOmM Hepes, pH7.6, 25mM KC1, 0.15mM 
spermine, 0.5mM spermidine, lmM EDTA, 0.2mM EGTA 
Lysis Buffer: lOmM Hepes, pH7.6, 100mM KC1, 3mM MgCl2, O.lmM EDTA, lmM 
DTT*, O.lmM PMSF*, 10% glycerol 
Regent with * was freshly added. 
Dialysis Buffer: 525mM Hepes, pH7.6, 40mM KC1, O.lmM EDTA, lmM DTT*, 
10% glycerol, O.lMEGTA 
Regent with * was freshly added. 
(NH4)2SO4: 4M P<fH4)2SO4, pH 7.9 
4.2.1.2 Preparation ofthe Double-Stranded Oligonucleotides (Gibco BRL) 
BSA (with MREa) 
5， GGATTGTTTGATAGTTTGCACCCGG 3， 
3’ TAACAAACTATCAAACGTGGGCCGG 5' 
BSAPB (with A H and MREb) 
5， GGTCATTAATGAGTCACCGTGTGCG 3' 
3， AGTAATTACTCAGTGGCACACGCGG 5， 
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BSmAPB (with mutated API and MREb) 
5' GGTCATTCCCGAGTCACCGTGTGCG 3' 
3' AGTAAGGGCTCAGTGGCACACGCGG 5， 
BSAPmB (with API and mutated MREb) 
5' GGTCATTAATGAGTCACCGTGTTTG 3' 
3' AGTAATTACTCAGTGGCACAAACGG 5， 
BSBSP (with MREb and Spl) 
5' GGACCGTGTGCGGGCGGGACGGGCT 3' 
3’ TGGCACACGCCCGCCCTGCCCGAGG 5’ 
BSBmSP (with MREb and mutated Spl) 
5' GGACCGTGTGCGGGCAAAACGGGCT 3' 
3' TGGCACACGCCCGTTTTGCCCGAGG 5' 
BSC (with MREc) 
5' GGCCCTCGCCCTGTGTGCAGTCAGG 3' 
3' GGGAGCGGGACACACGTCAGTCCGG 5' 
BSDE (with MREd and MREe) 
5' GGAAATTTGCTCCGGCGAAGCTCTT 3' 
3' TTTAAACGAGGCCGCTTCGAGAAGG 5， 
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BSmDE (with mutated MREd and MREe) 
5' GGAAATTAAATCCGGCGAAGCTCTT 3' 
3， TTTAATTTAGGCCGCTTCGAGAAGG 5， 
4.2.1.3 Binding Reaction of Protein and DNA 





0.2 ng dI-dC/^lg protein: l^lg/^ll in lOmM Tris-HCl (pH 7.5)，1 mM EDTA 
5-10n,g in 2-3ul nuclear extract 
30^iM Zn 
10 X loading dye: 250mM Tris-HCl (pH 7.5), 0.2% bromophenol blue, 0.2% xylene 
cyanol, 40% glycerol 
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4.2.1.4 Gel-Shift Mobility Electrophoresis 
PhastSystem ™ (Pharmacia) 
PhastGel Homogeneous 20 Gel Strip (Pharmacia) 
PhastGel Native Buffer Strip 
4.2.1.5 Screening of Expression Library 
4.2.1.5.1 Preparation of Labeled DNA Probe 
10 X kinase bufTer 
100 mM dithiothreitol 
10 mM ATP 
8 units/^1 T4 polynucleotide kinase (Gibco BRL, Life Technologies) 
T4 DNA ligase (Pharmacia) 
4.2.1.5.2 Plating ofthe Library 
» 
NZY medium: 10g NZ amine, 5g NaCl, 5g bacto-yeast extract, 2g MgSO4.7H2O, 
made up to 1 L with ddH2O and autoclaved 
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NZY Top Agarose: 7g agarose, 1 L NZY medium and autoclaved 
SM Buffer: 175.3g NaCl, 2g MgSO4.7H2O, l M Tris-HCl, pH 7.5，2% gelatin 
solution, made up to 1 L with ddH2O and autoclaved 
Binding Buffer (lOX): 200 mM Hepes pH7.9, 30 mM MgC12, 400 mM KC1, 100 |iM 
Zn2+(After 10 fold dilution with water, add DTT to a final conc o f lmM ) 
lOmM n»TG 
5% skim milk in IX binding buffer 
0.25% skim milk in IX binding bufTer 
4.2.1.6 Isolation of Positive Clones 
In Vivo Excision 
CG Plate: 15 g agar, 1 L CG (Bio 101, USA) medium and autoclaved. 
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4.2.2 Methods 
4.2.2.1 Preparation ofNuclear Extract from Common Carp Liver Tissue 
(Gorski et al., 1986； 
Common carp was brought from the market. The fish was untreated (control), 
or injected with a single dose of zinc (zinc treated) or 4 successive dose of cadmium 
(cadmium treated) (Section 2.2.2.8) Ten g minced liver was brought up to 30ml H/B 
buffer and was homogenized using a motor-driven Teflon-glass homogenizer. The 
homogenate was then diluted to 85ml with H/B. 3 X 27ml aliquots of the mixture was 
layered over 3 X 10ml cushions of H/B and was centrifuged at 24000 rpm for 30 
minutes in SW27. After centrifugation, pellet was resuspended in 50ml 9:1 (v:v) 
mixture of H/B and glycerol and was homogenized. The mixture was then layered 
over 2 X 10ml cushions WB and centrifuged at 24,000 rpm for 30，in SW27. The 
pellet was then resuspended in 20ml nuclear lysis buffer using all-glass Dounce 
homogenizer. An aliquot was diluted 1:20 in 0.5% SDS，and the absorbance at 260 
nm was read. The extract was then diluted to 10A260/ml. 1/10 volume of 4M 
fNH4)2SO4 was added dropwise and the extract was gently shaked for 30'. 
Afterwards, the lysate was centrifuged at 35,000 rpm for 60 minutes in Ti60. Solid 
0SfH4)2SO4 add to supematant and dissolve slowly. The supematant was then 
incubated on ice for an additional 20 to 40 minutes. Then，the extract was centrifuged 
at 35,OOOrpm for 25 minutes in Ti60. The pellet was then resuspended in dialysis 
buffer at lml/ 20A260 and dialyed with 250ml dialysis buffer for 2hr. The extract was 
then centrifuged to remove pellet. Then, the extract was further dialyed with 250ml 
dialysis buffer for an additional 2hr and the extract was centrifuged to remove pellet. 
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Afterwards, the extract was diluted 40-fold in distilled water and the protein 
concentration was determined. The protein was then stored in -70°C in small aliquot. 
4.2.2.2 Preparation of the Double-Stranded Oligonucleotides 
The oligonucleotide (lOpmol) was 5’ end-labeled by incubating the primer in 
the mixture containing T4 polynucleotide kinase (PNK), T4 PNK buffer and [y-^^P] 
ATP at 3TC for 30 minutes. The oligonucleotide was then heated to 90°C for 2 
minutes to inactivate the T4 PNK. After removing the unincorporated [y-^ ^P] ATP 
(Section 3.2.2.2), the oligonucleotide was annealed with its unlabelled complementary 
oligonucleotide by incubating equal molar ofboth oligonucleotides in IX PNK buffer 
at 95 °C for 5 minutes, 65 °C for 15 minutes, 3TC for 15 minutes, room temperature 
for 15 minutes, and 4 °C for 15 minutes. 
4.2.2.3 Binding Reaction ofProtein and DNA 
12mM HEPES (pH 7.9)，60mM KC1, 0.5mM DTT, 12% glycerol, 5mM 
MgCl2, 0.2 i^g dI-dC/^ig protein, 5-lO^ig in 2-3ul nuclear extract (Section 4.2.2.1) and 
30|xM Zn2+ were mixed at 4。C. The mixture was incubated 37。C to for sixteen 
minutes and 4。C for sixteen minutes. Then, the annealed radioactive oligonucleotide 
(Section 4.2.2.1.2) was added to the mixture and incubated for a fiirther twenty 
minutes at 4。C. 2^il of 10X loading dye was then added to the binding mixture. 
(Dalton et al., 1996 and Dalton et al., 1997) 
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4.2.2.4 Gel-Shift Mobility Electrophoresis 
Gel-shift was performed in a PhastSystem ™ (Pharmacia) using PhastGel 
Homogeneous 20 (Pharmacia) gel strips and PhastGel Native Buffer Strip 
(Pharmacia). 1 |J,1 of the binding mixture (Section 4.2.2.1.3) was applied to the gel and 
the electrophoresis condition was as in Table 4.1. The electrophoresis was stopped 
when the blue tracking dye reached the 2/3 of the gel. The gel was then covered with 
Saran wrap and was autoradiographed overnight at -70°C using an intensifying 
screen. 
"SAMPLE APPL. DOWN AT 1.2 0 Vh 
SAMPLE APPL. UPAT _ 1.2 — 2Vh 
"SEP 1.1 |400V 10.0 mA 2.5W 4"C T00Vh 
"SEP 1.2 “ 40QV 1.0 mA 2.5W 1 ^ T v h 
“SEP 1.3 400 V 10.0 mA 2.5 W 4"C 268Vh 
Table 4.1 Program of Electrophoresis (Ramanujam et al., 1991) 
4.2.2.2 Screening of Expression Library 
4.2.2.2.1 Preparation of Labeled DNA Probe 
The 5' terminal of the two complementary synthetic oligonucleotides were 
phosphorylated by incubating each separately in 1 X kinase buffer with 100 mM 
dithiothreitol, 10 mM ATP and T4 polynucleotide kinase. Both oligonucleotides were 
annealed by mixing the two phosphorylation reactions together and incubating them 
at 95 °C for 5 minutes, 65 ®C for 15 minutes，37°C for 15 minutes, room temperature 
for 15 minutes, and 4 °C for 15 minutes. Then, 4 ^il T4 DNA ligase and 1 ^il of 50 
mM ATP were added to the mixture and incubated at 16°C for twelve hours. The 
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DNA was then purified by running a 2% agarose gel electrophoresis (Section 2.2.2.2) 
and gene clean (Section 2.2.2.3). The DNA was then radiolabeled by nick translation 
OSfick Translation K i t , Amersham). Ten U^ ofNucleotide Solution, 5^il [a-^^P]dCTP 
(3000 CiAnmol), 5 ^il Enzyme Solution and 30 ^il of water were mixed. Reaction was 
allowed to take place at 15°C for 1 hour. At the end of the reaction, the labeled probe 
was purified by micro bio-spin chromatography (Section 3.2.2.2) to remove 
unincorporated [a-^^P]dCTP and nucleotides. 
4.2.2.2.2 Plating ofthe Library 
The cDNA Library of the adult common carp liver was purchased from 
Stratagene. It was made from the liver tissues of three adult male and three adult 
female common carps. The cDNA with average insert size of 1.0 kpb were 
unidirectionally cloned into the EcoRI (5') and XhoI (3，）sites of Uni-ZAP™ XR 
Vector. XL-1 Blue bacterial cells were grown in CG medium containing 0.2% 
maltose and lOmM MgSO4 at 30oC for sixteen hours. After centrifugation, the cells 
were resuspended in lOmM MgSO4 at OD6oo=0.6. Phages of the cDNA library were 
suspended in SM buffer and diluted by serial dilution. Five ^il of each of the phage 
dilution was incubated with 100 plating ^il plating cells at 7>TC for fifteen minutes 
and then spread on NZY plate with NZY top agarose. The plates were incubated at 
37®C for eight hours and the plaques forming unit (p.f.u.) were determined. 
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4.2.2.2.3 Isolation of Positive Clones 
Three hundred thousand plaque forming unit were spread on 12 NZY plate 
and were incubated for four hours at 42。C. Nylon filters were immersed in lOmM 
IPTG and excess liquid was removed by placing on Whatman 3MM paper. These 
filters were transferred rapidly onto the plates. The plates were then incubated at 37^C 
for six hour. After marking the orientation, the filters were lifted and placed in 5% 
skim milk in 1 X binding buffer with gentle shaking for thirty minutes at 4 ®C. New 
IPTG-impregnated filters were laid down on plates just after lifting. After incubating 
at 2>TC for two hours，the filters were oriented, lifted and immersed in 5% skim milk 
in 1 X binding buffer with gentle shaking for thirty minutes at 4 °C. Both sets of 
filters were rinsed in 0.25% skim milk in 1 X binding buffer at 4 °C. The filters were 
then incubated with the ^^P-labeled DNA probe and 0.2 ^ig/ml denatured calfthymus 
DNA in 1 X binding buffer supplemented with 0.25% skim milk for ovemight at 4。C. 
The filters were then washed four times for fifteen minutes at 4°C in 1 X binding 
buffer with 0.25% dry milk. The filters were then patted dry and exposed to Kodak 
XAR-5 film with an intensifying screen at -70°C for three days. Plaques from the 
duplicated signals of the primary screening were selected for secondary screening at « 
50 p.f.u. per plate. Plaques from the positive signals from the secondary screening 
were picked up and resuspended in 500 \i\ SM buffer and 20 U^ chloroform. 
Plating cells 200 ^il, 100 ^il phage stock from secondary screening and 1 ^ d 
R408 helper phage were incubated at 37°C for fifteen minutes and then grew in 5 ml 
CG medium at 37®C for three hours. Heat treatment ofthe mixture at 70T for fifteen 
minutes selectively killed the bacterial cells but the filamentous phage particles 
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phagemids were not affected. The cell debris were then removed by centrifugation. 
The pBluescript SK double strand phagemid were incubated with the plating cells and 
were grown in ampicillin containing CG plates as they were ampicillin resistant. 
Bacterial colonies were then picked up for analysis. 
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4.3 Results 
4.3.1 Gel Mobility-Shift Assays 
The double stranded oligonucleotide was shifted in the native gel only i f a 
desire protein bound to it and reduced its mobility. For BSA, the oligo contained the 
central MRE，the MREa. In Figure 4.5，the mobility of lane 2, 4 and 6 was shifted 
indicating that the zinc-treated, cadmium treated and untreated nuclear extracts 
contained proteins which could bind to the BSA. excessive amount of non-radioactive 
BSA was added to compete for the protein binding with the radioactive BSA, and 
therefore，the mobility of lane 3, 5 and 7 were the same as the BSA alone. This 
indicated that the binding was specific. 
Similarly, for BSAPB, the oligo contained the API binding site and the second 
proximal MRE, the MREb The mobility of lane 2, 4 and 6 was shifted indicating that 
the zinc-treated, cadmium treated and untreated nuclear extracts contained proteins 
which could bind to the BSAPB (Figure 4.6). Two bands were found in lane 4 and 6， 
indicating that there might be two kinds of proteins binding on the oligo. In addition, 
comparing lane 2 to lane 4 and 6, only one strong signal band was found in lane 2， 
implying the zinc treatment induced one kind of protein much more than the other, 
excessive amount of non-radioactive BSAPB was added to compete for the protein 
binding with the radioactive BSAPB, and therefore, the mobility of lane 3, 5 and 7 
were the same as the BSAPB alone. This indicated that the binding was specific. 
On one hand, for BSmAPB, the oligo contained a mutated API binding site 
and MREb (Figure 4.7). The mobility oflane 2，4 and 6 was shifted indicating that the 
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zinc-treated, cadmium treated and untreated nuclear extracts contained proteins which 
could bind to the BSmAPB. excessive amount of non-radioactive BSmAPB was 
added to compete for the protein binding with the radioactive BSmAPB, and 
therefore，the mobility of lane 3，5 and 7 were the same as the BSmAPB alone. This 
indicated that the binding was specific. 
On the other hand, for BSAPmB, the oligo contained the API binding site and 
a mutated MREb (Figure 4.8). The mobility of lane 2, 4 and 6 was shifted indicating 
that the zinc-treated, cadmium treated and untreated nuclear extracts contained 
proteins which could bind to the BSAPmB. excessive amount of non-radioactive 
BSAPmB was added to compete for the protein binding with the radioactive 
BSAPmB, and therefore, the mobility of lane 3，5 and 7 were the same as the 
BSAPmB alone. This indicated that the binding was specific. 
Considering the result of BSBSP, the oligo contained the MREb and the 
proximal Spl binding site (Figure 4.9). The mobility of lane 2，4 and 6 was shifted 
indicating that the zinc-treated, cadmium treated and untreated nuclear extracts 
contained proteins which could bind to the BSBSP. Two bands were found in lane 4 
and 6，indicating that there might be two kinds of proteins binding on the oligo. In 
addition, comparing lane 2 to lane 4 and 6, only one strong signal band was found in 
lane 2，implying the zinc treatment induced one kind of protein highly more than the 
other, excessive amount of non-radioactive BSBSP was added to compete for the 
protein binding with the radioactive BSBSP, and therefore, the mobility of lane 3, 5 
and 7 were the same as the BSBSP alone. This indicated that the binding was specific. 
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Similarly, for BSBmSP, the oligo contained the MREb and a mutated Spl 
binding site. The mobility of lane 2, 4 and 6 was shifted indicating that the zinc-
treated, cadmium treated and untreated nuclear extracts contained proteins which 
could bind to the BSBmSP ^Figure 4.10). excessive amount of non-radioactive 
BSBmSP was added to compete for the protein binding with the radioactive 
BSBmSP, and therefore, the mobility of lane 3, 5 and 7 were the same as the 
BSBmSP alone. This indicated that the binding was specific. 
On the other hand, for BSC, the oligo contained the most proximal MRE, the 
MREc (Figure 4.11). The mobility of lane 2，4 and 6 was shifted indicating that the 
zinc-treated, cadmium treated and untreated nuclear extracts contained proteins which 
could bind to the BSBmSP. excessive amount of non-radioactive BSBmSP was added 
to compete for the protein binding with the radioactive BSBmSP, and therefore, the 
mobility of lane 3，5 and 7 were the same as the BSBmSP alone. This indicated that 
the binding was specific. 
In the case ofBSDE, the oligo contained both the two distal MRE, the MREd 
and MREe (Figure 4.12). The mobility of lane 2, 4 and 6 was shifted indicating that 
the zinc-treated, cadmium treated and untreated nuclear extracts contained proteins 
which could bind to the BSDE. Two bands were found in lane 2, 4 and 6, indicating 
that there might be two kinds of proteins binding on the oligo. excessive amount of 
non-radioactive BSDE was added to compete for the protein binding with the 
radioactive BSDE, and therefore, the mobility oflane 3, 5 and 7 were the same as the 
BSDE alone. This indicated that the binding was specific. 
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On the other hand, for BSmDE, the oligo contained the mutated MREd and 
the MREe (Figure 4.13). The mobility of lane 2, 4 and 6 was shifted and indicating 
that the zinc-treated, cadmium treated and untreated nuclear extracts contained 
proteins which could bind to the BSmDE. Excessive amount of non-radioactive 
BSmDE was added to compete for the protein binding with the radioactive BSmDE, 
and therefore，the mobility of lane 3，5 and 7 were the same as the BSmDE alone. 
This indicated that the binding was specific. 
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瞧 千 
Lane 1: No extract 
Lane 2: Zinc-treated nuclear extract 
Lane 3: Zinc-treated nuclear extract + non-radioactive BSA 
Lane 4: Cadmium-treated nuclear extract 
Lane 5: Cadmium-treated nuclear extract + non-radioactive BSA 
Lane 6: Control nuclear extract 
Lane 7: Control nuclear extract + non-radioactive BSA 
BSA(withMREa) 
5， GGATTGTTTGATAGTTTGCACCCGG 3， 
3' TAACAAACTATCAAACGTGGGCCGG 5， 
Figure 4,5 Autoradiogram of Mobility Shift Assay Using the Oligonucleotide BSA, 
The binding mixture (Section 4.2.2.1.4) were mixed at 4°C, incubated 37 °C for 
sixteen minutes and then 4°C for sixteen minutes. Afterwards, the annealed 
radioactive oligonucleotide BSA (Section 4.2.2.1.3) was added to the mixture and 
incubated for a further twenty minutes at 4°C. 2^il of 10X loading dye was then added 
to the binding mixture. 1 ^il of the resulting mixture was applied to the gel and the 
electrophoresis condition was as in Table 4.1. The electrophoresis was stopped when 
the blue tracking dye reached the 2/3 of the gel. The gel was then covered with Saran 
wrap and was exposed to XOmat film ovemight at —70。C using an intensifying 
screen. 
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Lane 1: No extract 
Lane 2: Zinc-treated nuclear extract 
Lane 3: Zinc-treated nuclear extract + non-radioactive BSAPB 
Lane 4: Cadmium-treated nuclear extract 
Lane 5 :~ Cadmium-treated nuclear extract + non-radioactive BSAPB 
Lane 6: Control nuclear extract 
Lane 7: Control nuclear extract + non-radioactive BSAPB 
BSAPB (with API and MREb) 
5， GGTCATTAATGAGTCACCGTGTGCG 3' 
3' AGTAATTACTCAGTGGCACACGCGG 5， 
Figure 4.6 Autoradiogram of Mobility Shift Assay Using the Oligonucleotide 
BSAPB. The binding mixture (Section 4.2.2.1.4) were mixed at 4®C, incubated 37 °C 
for sixteen minutes and then 4®C for sixteen minutes. Afterwards, the annealed 
radioactive oligonucleotide BSAPB (Section 4.2.2.1.3) was added to the mixture and 
incubated for a further twenty minutes at 4。C. 2^il of 10X loading dye was then added 
to the binding mixture. 1 ^ll of the resulting mixture was applied to the gel and the 
electrophoresis condition was as in Table 4.1. The electrophoresis was stopped when 
the blue tracking dye reached the 2/3 of the gel. The gel was then covered with Saran 
wrap and was exposed to XOmat film ovemight at -70°C using an intensifying 
screen. 
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Lane 1: No extract 
Lane 2: Zinc-treated nuclear extract 
Lane 3: Zinc-treated nuclear extract + non-radioactive BSmAPB 
Lane 4: Cadmium-treated nuclear extract 
Lane 5: Cadmium-treated nuclear extract + non-radioactive B SmAPB 
Lane 6: Control nuclear extract 
Lane 7: Control nuclear extract + non-radioactive BSmAPB~~‘ 
BSmAPB (with mutated API and MREb) 
5，GGTCATTCCCGAGTCACCGTGTGCG 3' 
3， AGTAAGGGCTCAGTGGCACACGCGG 5， 
Figure 4.7 Autoradiogram of Mobility Shift Assay Using the Oligonucleotide 
BSmAPB. The binding mixture (Section 4.2.2.1.4) were mixed at 4°C, incubated 37 
oC for sixteen minutes and then 4。C for sixteen minutes. Afterwards, the annealed 
radioactive oligonucleotide BSmAPB (Section 4.2.2.1.3) was added to the mixture 
and incubated for a further twenty minutes at 4。C. 2^il of 10X loading dye was then 
added to the binding mixture. 1 ^ il of the resulting mixture was applied to the gel and 
the electrophoresis condition was as in Table 4.1. The electrophoresis was stopped 
when the blue tracking dye reached the 2/3 of the gel. The gel was then covered with 
Saran wrap and was exposed to XOmat film overnight at -70°C using an intensifying 
screen. 
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Lane 1: No extract 
Lane 2: Zinc-treated nuclear extract 
Lane 3:~~ Zinc-treated nuclear extract + non-radioactive BSAPmB 
Lane 4: Cadmium-treated nuclear extract 
Lane 5: Cadmium-treated nuclear extract + non-radioactive BSAPmB 
Lane 6: Control nuclear extract 
Lane 7 : ~ Control nuclear extract + non-radioactive BSAPmB 
BSAPmB (with API and mutated MREb) 
5，GGTCATTAATGAGTCACCGTGTTTG 3' 
3' AGTAATTACTCAGTGGCACAAACGG 5， 
Figure 4,8 Autoradiogram of Mobility Shift Assay Using the Oligonucleotide 
BSAPmB. The binding mixture (Section 4.2.2.1.4) were mixed at 4°C, incubated 37 
°C for sixteen minutes and then 4°C for sixteen minutes. Afterwards, the annealed 
radioactive oligonucleotide BSAPmB (Section 4.2.2.1.3) was added to the mixture 
and incubated for a further twenty minutes at 4。C. 2\i\ of 10X loading dye was then 
added to the binding mixture. 1 ^ il of the resulting mixture was applied to the gel and 
the electrophoresis condition was as in Table 4.1. The electrophoresis was stopped 
when the blue tracking dye reached the 2/3 of the gel. The gel was then covered with 
Saran wrap and was exposed to XOmat film overnight at -70°C using an intensifying 
screen. 
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Lane 1: No extract 
Lane 2: Zinc-treated nuclear extract 
Lane 3: Zinc-treated nuclear extract + non-radioactive BSBSP 
Lane 4: Cadmium-treated nuclear extract 
Lane 5: Cadmium-treated nuclear extract + non-radioactive BSBSP 
Lane 6: Control nuclear extract 
Lane 7: Control nuclear extract + non-radioactive BSBSP 
BSBSP (with MREb and Spl) 
5' GGACCGTGTGCGGGCGGGACGGGCT 3' 
3， TGGCACACGCCCGCCCTGCCCGAGG 5， 
Figure 4.9 Autoradiogram of Mobility Shift Assay Using the Oligonucleotide 
BSBSP. The binding mixture (Section 4.2.2.1.4) were mixed at 4。C, incubated 37 X 
for sixteen minutes and then 4°C for sixteen minutes. Afterwards, the annealed 
radioactive oligonucleotide BSBSP (Section 4.2.2.1.3) was added to the mixture and 
incubated for a fiirther twenty minutes at 4°C. 2^il of 10X loading dye was then added 
to the binding mixture. 1 |il of the resulting mixture was applied to the gel and the 
electrophoresis condition was as in Table 4.1. The electrophoresis was stopped when 
the blue tracking dye reached the 2/3 of the gel. The gel was then covered with Saran 
wrap and was exposed to XOmat film ovemight at -70®C using an intensifying 
screen. 
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Lane 1: No extract 
Lane 2: Zinc-treated nuclear extract 
Lane 3: Zinc-treated nuclear extract + non-radioactive BSBmSP 
Lane 4: Cadmium-treated nuclear extract 
Lane 5: Cadmium-treated nuclear extract + non-radioactive BSBmSP 
Lane 6: Control nuclear extract 
Lane 7: Control nuclear extract + non-radioactive BSBmSP 
BSBmSP (with MREb and mutated Spl) 
5' GGACCGTGTGCGGGCAAAACGGGCT 3， 
3' TGGCACACGCCCGTTTTGCCCGAGG 5， 
Figure 4,10 Autoradiogram of Mobility Shift Assay Using the Oligonucleotide 
BSBmSR The binding mixture (Section 4.2.2.1.4) were mixed at 4。C, incubated 37 
。C for sixteen minutes and then 4°C for sixteen minutes. Afterwards, the annealed 
radioactive oligonucleotide BSBmSP (Section 4.2.2.1.3) was added to the mixture and 
incubated for a further twenty minutes at 4T. 2^il of 10X loading dye was then added 
to the binding mixture. 1 U^ of the resulting mixture was applied to the gel and the 
electrophoresis condition was as in Table 4.1. The electrophoresis was stopped when 
the blue tracking dye reached the 2/3 of the gel. The gel was then covered with Saran 
wrap and was exposed to XOmat film ovemight at -70。C using an intensifying 
screen. 
CHAPTER 4. MRE-BE>roiNG PROTEE>IS 150 
Lane 1 2 3 4 5 6 7 
、:： ：扇垂讓蒙:,:¾^"::^.:. 
• • : • 勢 : : : : : : ， --r--r^-j':m^:^p^ ..-^'-,:r- -
:,:.:.::；'• >'>'H^%§^^ •. 
、 j i f e : > ' ^ 、 、 ^ ^ * 
. ^ ¾ 
' - • ^ ^ ^ ^ -
......¾.^¾,.^-,,.:.:-.-^^^ fe-....«.f. ^- ;,4 .^• - .• -…， . ; .、 : . 
+ 
Lane 1: No extract 
Lane 2: Zinc-treated nuclear extract 
Lane 3: Zinc-treated nuclear extract + non-radioactive BSC 
Lane 4: Cadmium-treated nuclear extract 
Lane 5: Cadmium-treated nuclear extract + non-radioactive BSC 
Lane 6: Control nuclear extract 
Lane 7: Control nuclear extract + non-radioactive BSC 
BSC (with MREc) 
5' G G C C C T C G C C C T G T G T G C A G T C A G G 3， 
3， G G G A G C G G G A C A C A C G T C A G T C C G G 5， 
Figure 4.11 Autoradiogram ofMobility ShiftAssay Using the Oligonucleotide BSC 
The binding mixture (Section 4.2.2.1.4) were mixed at 4。C, incubated 37。C for 
sixteen minutes and then 4。C for sixteen minutes. Afterwards, the annealed 
radioactive oligonucleotide BSC (Section 4.2.2.1.3) was added to the mixture and 
incubated for a further twenty minutes at 4°C. 2|il of 10X loading dye was then added 
to the binding mixture. 1 ^il of the resulting mixture was applied to the gel and the 
electrophoresis condition was as in Table 4.1. The electrophoresis was stopped when 
the blue tracking dye reached the 2/3 of the gel. The gel was then covered with Saran 
wrap and was exposed to XOmat film ovemight at -70°C using an intensifying 
screen. 
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Lane 1: No extract 
Lane 2: Zinc-treated nuclear extract 
Lane 3: Zinc-treated nuclear extract + non-radioactive BSDE 
Lane 4: Cadmium-treated nuclear extract 
Lane 5: Cadmium-treated nuclear extract + non-radioactive BSDE 
Lane 6: Control nuclear extract 
Lane 7: Control nuclear extract + non-radioactive BSDE 
BSDE (with MREd and MREe) 
5， GGAAATTTGCTCCGGCGAAGCTCTT 3， 
3， TTTAAACGAGGCCGCTTCGAGAAGG 5， 
Figure 4.12 Autoradiogram of Mobility Shift Assay Using the Oligonucleotide 
BSDE. The binding mixture (Section 4.2.2.1.4) were mixed at 4X, incubated 37。C 
for sixteen minutes and then 4。C for sixteen minutes. Afterwards, the annealed 
radioactive oligonucleotide BSDE (Section 4.2.2.1.3) was added to the mixture and 
incubated for a fiirther twenty minutes at 4°C. 2^il of 10X loading dye was then added 
to the binding mixture. 1 \x\ of the resulting mixture was applied to the gel and the 
electrophoresis condition was as in Table 4.1. The electrophoresis was stopped when 
the blue tracking dye reached the 2/3 of the gel. The gel was then covered with Saran 
wrap and was exposed to XOmat film ovemight at -70°C using an intensifying 
screen. 
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Lane 1: No extract 
Lane 2: Zinc-treated nuclear extract 
Lane 3: Zinc-treated nuclear extract + non-radioactive BSmDE 
Lane 4: Cadmium-treated nuclear extract 
Lane 5: Cadmium-treated nuclear extract + non-radioactive BSmDE 
Lane 6: Control nuclear extract 
Lane 7: Control nuclear extract + non-radioactive BSmDE 
BSmDE (with mutated MREd and MREe) 
5' GGAAATTAAATCCGGCGAAGCTCTT 3， 
3' TTTAATTTAGGCCGCTTCGAGAAGG 5， 
Figure 4.13 Autoradiogram of Mobility Shift Assay Using the Oligonucleotide 
BSmDE, The binding mixture (Section 4.2.2.1.4) were mixed at 4®C, incubated 37 °C 
for sixteen minutes and then 4®C for sixteen minutes. Afterwards, the annealed 
radioactive oligonucleotide BSmDE (Section 4.2.2.1.3) was added to the mixture and 
incubated for a further twenty minutes at 4°C. 2^il of 10X loading dye was then added 
to the binding mixture. 1 ^il of the resulting mixture was applied to the gel and the 
electrophoresis condition was as in Table 4.1. The electrophoresis was stopped when 
the blue tracking dye reached the 2/3 of the gel. The gel was then covered with Saran 
wrap and was exposed to XOmat film ovemight at —70。C using an intensifying 
screen. 
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4.3.2 Expression L ibrary Screening 
Thirteen positive clones were identified from primary screening by using the 
oligonucleotide pairs containing the most proximal MRE, the MREc (Figure 4.14) 
and five positive clones were then confirmed in secondary screening (Figure 4.15). 
After in vivo excision, these five phage clones were switched to plasmids and the 
plasmid DNA of these five clones was prepared as in Section 2.2.6. PCR was 
performed as in section 2.2.1 by using T3 and T7 primers and the products were 
analyzed in a 1% agarose gel (Figure 4.16) as in Section 2.2.2. 
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Figure 4.14 Primary Screening of Expression Library of Common Carp Liver. 
Radiolabeled probe containing the most proximal MRE, the MREc was used to screen 
the library. 
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Figure 4,15 Secondary Screening ofExpression Library ofCommon Carp Liver, 
Radiolabeled probe containing the most proximal MRE, the MREc was used to screen 
the library. 




Consensus 5, TGCRCNC 3' 
CARP MRE a TGCACCC 
CARP MREb CGCACAC 
CARP MREc TGCAGTC 
CARP MREd TGCTCCG 
CARP MREe AGCTTCG 
MOUSE MREa TGCGCCC 
MOUSE MREb TGCACCC 
MOUSE MREc TGCGCTC 
MOUSE MREd TGCACTC 
MOUSE MREe TGCACAC 
MOUSE MREf TGCGTGG 






RTB MREa TGCACAC 
RTB MREb TGCACCC 
PDCE MREa TGCACAC 
PIKE MREb TGCACAC 
PIKE MREc TGCACAC 
PIKE MREd TGCACAC 
SL MREa TGCGCGC 
SL MREb TGCACAC 
SL MREc TGCACCC 
SL MREd TGCACAC 
SL MREe TGCACTC 
SL MREf TGCACTC 
SL MREg TGCACTC 
Table 4,2 Comparison of MREs Identified in Different MT Genes from Carp， 
Mouse, Human, Rainbow trout (RTA and RTB), Pike and Stone Loach (SL). 
4.4.2 Gel Mobility-Shift Assays 
The double stranded oligonucleotide was shifted in the native gel only if a 
desire protein bound to it and reduced its mobility. For BSA, the oligo contained the 
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central MRE, the MREa. The mobility of lane 2, 4 and 6 was shifted indicating that 
the zinc-treated, cadmium treated and untreated nuclear extracts contained proteins, 
which could bind to the BSA. Most likely, the involved protein(s) was MRTF and this 
protein was expressed in uninduced, zinc induced and cadmium induced conditions. 
This implied that protein(s) binding on MREa might not be induced by metals. To 
conclude this, the binding protein(s) needed to be purified and quantitative gel 
mobility assay needed to be done. Excessive amount of non-radioactive BSA was 
added to compete for the protein binding with the radioactive BSA, and therefore, the 
mobility of lane 3, 5 and 7 were the same as the BSA alone. This indicated that the 
binding was specific (Figure 4.5). 
Similarly, for BSAPB, the oligo contained the API binding site and the second 
proximal MRE, the MREb. In Figure 4.6, the mobility of lane 2, 4 and 6 was shifted 
indicating that the zinc-treated, cadmium treated and untreated nuclear extracts 
contained proteins which could bind to the BSAPB. Two bands were found in lane 4 
and 6, indicating that there might be two kinds of proteins binding on the oligo. Their 
binding sites might be too close together that these proteins compete with each other 
on binding to the DNA or three bands should be obtained. It is believed that one ofthe 
involved proteins should be API and the other involved protein(s) might be MRTF. 
Both were expressed in uninduced, zinc induced and cadmium induced conditions. In 
addition, comparing lane 2 to lane 4 and 6，only one strong signal band was found in 
lane 2，implying the zinc treatment induced one kind of protein highly more than the 
other. The highly induced protein was suggested to be the MRTF as it was induced by 
zinc. This implied API might act as a repressor in normal condition and minimize the 
binding of MRTF to the DNA. However, upon zinc induction, much more MRTF 
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bound on the DNA, replacing the API. Excessive amount of non-radioactive BSAPB 
was added to compete for the protein binding with the radioactive BSAPB, and 
therefore, the mobility of lane 3, 5 and 7 were the same as the BSAPB alone. This 
indicated that the binding was specific . 
On one hand, for BSmAPB, the oligo contained a mutated API binding site 
and wildtype MREb (Figure 4.7). The mobility of lane 2, 4 and 6 was shifted 
indicating that the zinc-treated, cadmium treated and untreated nuclear extracts 
contained proteins which could bind to the BSmAPB. Excessive amount of non-
radioactive BSmAPB was added to compete for the protein binding with the 
radioactive BSmAPB, and therefore, the mobility of lane 3, 5 and 7 were the same as 
the BSmAPB alone. This indicated that the binding was specific (Figure 4.7). 
On the other hand, for BSAPmB, the oligo contained the API binding site and 
a mutated MREb. The mobility oflane 2，4 and 6 was shifted indicating that the zinc-
treated, cadmium treated and untreated nuclear extracts contained proteins which 
could bind to the BSAPmB (Figure 4.8). Excessive amount of non-radioactive 
BSAPmB was added to compete for the protein binding with the radioactive 
BSAPmB, and therefore, the mobility of lane 3，5 and 7 were the same as the 
BSAPmB alone. This indicated that the binding was specific. 
Comparing the results ofBSAPB, BSmAPB and BSAPmB, bandshift assay of 
BSAPB gave two shifted bands while the one of BSmAPB and BSAPmB gave only 
one band. This implied that the two bands were the banding effect of the two kinds of 
proteins, MRTF, which was highly induced by zinc, and API, which was generally 
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expressed. Thus, mutating either of the two binding sites resulted in only one band 
shifted. 
Considering the result of BSBSP, the oligo contained the MREb and the 
proximal Spl binding site (Figure 4.9). The mobility of lane 2, 4 and 6 was shifted 
indicating that the zinc-treated, cadmium treated and untreated nuclear extracts 
contained proteins, which could bind to the BSBSP. Two bands were found in lane 4 
and 6, indicating that there might be two kinds of proteins binding on the oligo. Their 
binding sites might be too close together that these proteins compete with each other 
on binding to the DNA or three bands should be obtained. It is suggested that one of 
the involved proteins should be Spl and the other involved protein(s) might be 
MRTF. Both were expressed in uninduced, zinc induced and cadmium induced 
conditions. In addition, comparing lane 2 to lane 4 and 6, only one strong signal band 
was found in lane 2, implying the zinc treatment induced one kind of protein highly 
more than the other. The highly induced protein was suggested to be the MRTF as it 
was induced by zinc. This implied Spl might act as a repressor in normal condition 
and minimize the binding ofMRTF to the DNA. However, upon zinc induction, much 
more MRTF bound on the DNA, replacing the Spl.Excessive amount of non-
radioactive BSBSP was added to compete for the protein binding with the radioactive 
BSBSP, and therefore，the mobility of lane 3, 5 and 7 were the same as the BSBSP 
alone. This indicated that the binding was specific. 
Nevertheless, mutating the Spl binding site in the case of BSBmSP, the 
mobility of lane 2，4 and 6 (Figure 4.10) was shifted indicating that the zinc-treated, 
cadmium treated and untreated nuclear extracts contained proteins which could bind 
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to the BSBmSP. Excessive amount of non-radioactive BSBmSP was added to 
compete for the protein binding with the radioactive BSBmSP, and therefore, the 
mobility of lane 3，5 and 7 were the same as the BSBmSP alone. This indicated that 
the binding was specific. 
Comparing the results of BSBSP and BSBmSP, bandshift assay of BSBSP 
gave two shifted bands while the one ofBSBmSP gave only one band. This implied 
that the two bands were the banding effect of the two kinds ofproteins, MRTF, which 
was highly induced by zinc, and Spl, which was generally expressed. Thus, mutating 
the Spl binding site resulted in only one band shifted. 
On the other hand，for BSC, the oligo contained the most proximal MRE, the 
MREc. The mobility of lane 2，4 and 6 (Figure 4.11) was shifted indicating that the 
zinc-treated, cadmium treated and untreated nuclear extracts contained proteins which 
could bind to the BSC. This implied that protein(s) binding on MREc might not be 
induced by metals. To conclude this, the binding protein(s) needed to be purified and 
quantitative gel mobility assay needed to be done Excessive amount of non-
radioactive BSC was added to compete for the protein binding with the radioactive 
BSC, and therefore, the mobility of lane 3，5 and 7 were the same as the BSC alone. 
This indicated that the binding was specific. 
In the case ofBSDE, the oligo contained both the two distal MRE, the MREd 
and MREe. The mobility of lane 2，4 and 6 (Figure 4.12) was shifted indicating that 
the zinc-treated, cadmium treated and untreated nuclear extracts contained proteins， 
which could bind to the BSDE. Two bands were found in lane 2, 4 and 6, indicating 
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that there might be two kinds of proteins binding on the oligo (Figure 4.12). This 
implied more than one kind ofMRTFs was present in the nuclear extracts. In addition, 
signals both bands of the zinc treatment were stronger implying the proteins were 
induced by zinc. Excessive amount of non-radioactive BSDE was added to compete 
for the protein binding with the radioactive BSDE, and therefore, the mobility of lane 
3, 5 and 7 were the same as the BSDE alone. This indicated that the binding was 
specific. 
On the other hand, for BSmDE, the oligo contained the mutated MREd and 
the MREe (Figure 4.13). The mobility of lane 2, 4 and 6 was shifted indicating that 
the zinc-treated, cadmium treated and untreated nuclear extracts contained proteins, 
which could bind to the BSmDE. excessive amount of non-radioactive BSmDE was 
added to compete for the protein binding with the radioactive BSmDE, and therefore, 
the mobility oflane 3, 5 and 7 were the same as the BSmDE alone. This indicated that 
the binding was specific. 
In conclusion, the putative cis-acting elements, are found to be capable of 
binding to some protein factors in nuclear extracts prepared from carp liver tissues 
and the binding factors bound to the MREs expressed even without metal induction. 
CHAPTER 4. MRE-BE>roiNG PROTEE>IS 172 
4.4.3 Expression L ibrary Screening 
Since the binding factors bound to the MREs expressed even without metal 
induction, screening of expression library was performed using a carp cDNA library 
perpared from uninduced female and male carp (Stratagene, USA). Five clones were 
identified from screening the expression library using oligonucletide pair containing 
the most proximal MRE, the MREc. Using MREb to screen clone number 12 resulted 
in positive signal but MREa, d and e failed to do so (Figure 4.17) This implied more 
than one MRFT binding to MREs in common carp 
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Figure 4.17 Hybridizing Oligonucleotides with Clone Number 12 Nitrocellulose 
filter containg the phage of clone # 12 was hybridized with the four probes (A, B, C 
and D) separately. A: oligonucleotide pairs containing MREa; B: oligonucleotide 
pairs containing MREb; C: oligonucleotide pairs containing MREc; D: oligonu leotide pairs containing MREd and MRE
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4.5 Conclusion 
In conclusion, the putative cis-acting elements, identified by using the 
computer software，MacVector, are found to be capable of binding to some protein 
factors in nuclear extracts prepared from carp liver tissues and their non-radioactive 
partners compete with them. These indicate the bindings of the oligonucleotides to 
nuclear proteins were specific. Thus, all five MREs had the ability to bind proteins. 
The mobility assay also indicated that the binding factors bound to the MREs express 
even without metal induction. In addition, in cases of other cis-acting elements, like 
the API binding site and the proximal Spl binding site，close to the MREs, the 
binding of proteins on that site seemed to compete with the MRTF. 
Using oligonucleotide containing MREc to screen the expression library of 
common carp liver identified five positive clones and their sequences are subject to be 
characterized. It was interesting to find that clone # 12 bind MREb and MREc but not 
MREa and MREd. 
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CHAPTER. 5 CONCLUSION 
5.1 Conclusion 
Metallothionein (MT) is a family of low molecular weight，cysteine rich metal-
binding proteins. Being inducible by metal ions at the level of transcription, MT gene 
promoter region, together with the transcription factors binding to them，is a model of 
transcriptional regulation of gene expression. In addition, MT gene promoter has been 
used in construction of expression vector for transgenic organisms. 
The 5, flanking region of the common carp MT gene was obtained using 
polymerase chain reaction (J^CR). Five putative metal responsive elements (MREs), an 
API binding site and two Spl binding sites were identified in a region of650bp in length 
containing a TATA box. The promoter region and the protein coding region belonged to 
the same gene. Like other teleost, the promoter region of common carp MT gene has a 
bipartite structure of MRE. There were 5 potential MRE, 2 Spl and 1 API sites in the 
promoter region but not any ARE, which was common in many MT promoters and was 
function in oxidative stress response. The length of 5，UTR of carp MT was same as that 
ofloach and pike MT. 
The 5’ flanking region was cloned into the vector pEGFP-1. Deletion mutants 
from the 5，end were made for functional analysis after transfected into primary cultures 
of common carp hepatocytes. The promoter region of the common carp MT gene 
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obtained was a functional promoter, not orientation specific. The effects of different 
concentrations of zinc, cadmium, copper, mercury, lead, cobalt, nickel lipopolysaccharide 
(LPS) and hydrogen peroxide (H2O2) were tested, in which zinc was found to be the most 
potent. All 5 MREs were found to be required to exert maximal metal inducibility and 
decreasing the number of MRE reduced the metal induction. However, the two distal 
MREs seemed not respond to copper and mercury. Also, even the promoter region did 
not have the ARE but the API binding sites could still respond to H2O2 and LPS. 
From the result of mobility shift assay, all oligonucleotides had the ability to bind 
to proteins in the nuclear extract, and their non-radioactive partners compete with them. 
These ind ic^ the tmdmgs of the oligonucleotides to nuclear proteins were specific. 
Thus, all five MREs had the ability to bind proteins. Using oligonucleotide containing 
MREc to screen the expression library of common carp liver identified five positive 
clones and their sequences are subject to be characterized. It was interesting to find that 
clone # 12 bind MREb and MREc but not MREa and MREd. 
5.2 Proposed Model for MT Gene Transcription 
From the results of functional assay, all five MREs are metal responsive in in 
vitro condition. But how do metal ions interact with the MRE? Results from chapter 4 
gave us some insight. With cis-acting elements close to the MREs, the protein binding to 
those cis-acting elements might compete with the MRTF. However, upon zinc induction, 
the binding of MRTF on the MREs override the binding of other non-metal responsive 
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factors on these cis-acting elements. Thus, the repressor model (Figure 1.8) seemed to be 
more reaspnable in explaining the results. In addition, since protein binding on MREc 
bound only on MREb but not MREa or MREde, different proteins might be responsible 
for the binding of different MREs. This further explain the phenomena observed in other 
species, with multiple MRTF. 
5.3 Future Direction 
In order to further study the model of how metal interact with the MRE, the 
expression library need to be screened with the other MREs. The obtained clones need to 
fUrther characterized. The protein of these clones should be subcloned in expression 
vector and expressed (or expressed in in vitro system). After purifying these MRTFs, 
quantitative mobility shift assay can be done and the binding kinetics can be calculated 
through cpmputer programs. 
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